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SYMPOSIUM ON STATISTICS OP CROP PRODUCTION 

IN INDIA 

(At Udaipur) 

From 11 am to 1 p m ; 3 pm to 3-30 p m , 3-45 pm to 4-15 p m , 
5-15 pm to 6 00 pm on the 30th December 1945 

Un thp Chair Sir C V Raman) 

Dk P. V. Sukhatmf, opening the symposium, said that statistics of crop 
production depended on two factors: 

(a) the area under the crop, and 

(b) the average yield per acre 

Statistics of acreage under the different crops were known with a high 
degree of accuracy for the temporarily settled parts of British India, but the 
position in the permanently-settled parts and m the States was unsatisfactory 
There was an elaborate revenue agency in the temporarily-settled parts. 
Every patwari was required to make a field to field inspection of the villages 
under his charge in the ordinary course of his duties and there was also 
adequate senior staff to supervise his work In the permanently-settled 
parts, however, there was no suitable revenue organisation The village 
official was only a chowkidar, who was mainly a police official, was ill-paid 
and illiterate as compared with the patwari in the temporarily-settled areas, 
and therefore, ill-equipped to record area under crop by field to field inspec¬ 
tion. The procedure of ascertaining acreage m the permanently-settled 
parts was to ascertain the relation which the area under the crop m any year 
bore to the normal acreage of that crop This was done by each subdivi- 
sional officer who passed on the estimates to the district officer The latter 
modified the estimates so received in the light of his personal experience and 
passed on the modified estimate to the Director of Agriculture That was the 
reason why acreage estimates were not accurate The position was even 
worse in the States as no acreage statistics of any sort were maintained for 
nearly, 2/5 of the area covered by them 

The method of random sampling was suggested as an alternative for 
estimating the acreage in the permanently-settled Provinces and States where 
revenue organization on the model of the patwari agency in the temporarily- 
settled parts, did not exist. The method consisted m inspecting randomly 
selected sample areas m place of each and every field in the province. The 
possibilities of the method were explored for a number of years, both in Bengal 

■I 1 
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and Bihar, but the results did not appear to be encouraging As an instance 
he told that results relating to the random sample survey earned out in 
1943-44 m Bihar showed that the margin of error of the acreage estimates 
even for such large area as a district was so high as to make the estimates 
almost valueless for administrative decisions The margin of error was 
particularly large for crops which occupied relatively smaller area Such 
were the results even when the scale of sampling covered every village in 
the province Since acreage estimates formed the basis for the whole range 
of agricultural statistics, it was desirable that this basis should be as complete 
as possible, and, in any case, reasonably accurate figures should be available 
for all crops and for territorial units of the size of the district He was 
glad that the Bengal Famine Commission, who examined the question in 
considerable detail, were of the same view They wrote ‘ If full and detailed 
information as regards acreage under all crops is the objective, as it certainly 
should be, such information can only be obtained by means of complete 
field to field enumeration and not by the random sampling method * Their 
conclusion deserves serious attention on the part of all interested in the 
improvement of agricultural statistics Complete field to field enumeration 
by well-trained village agency was the only method of bringing about lasting 
improvement m the acreage statistics A* such he said that in the perma¬ 
nently-settled parts this agency should be immediately established and 
strengthened on the model existing in the temporarily-settled parts* He was 
glad that Orissa had already appointed an agency to carry out field to field 
enumeration He was also glad that Bihar, after having given a trial to 
the random sampling method, gave it up as unsatisfactory and had now taken 
to complete enumeration by the method analogous to that m the temporarily- 
settled Provinces* He hoped that Bengal would follow suit and would set 
up the necessary organisation for complete enumeration 

Turning to the second factor, viz, the average yield per acre, he said 
that under the existing official procedure this was determined by multiplying 
the normal yield by the condition factor The normal yield was defined 
as the yield per acre on average soil m a year of average character The 
condition factor was a subjective estimate of the crop in terms of the normal. 
The determination of both these factors was largely a matter of guess work, 
as wa* apparent from the fact that die average of the condition factor over 
a senes of years was not equal to the corresponding equivalent of the normal 
The correct approach was to conduct crop-cutting experiments on the 
principle of random sampling in numbeis which were large enough to deter¬ 
mine the average yield per acre for the whole province, and, if possible, for 
*gch district, 
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The application of this principle involved five considerations — 

(1) How to select a random sample of sites for experiments within a 

stratum. 

(2) What is the most practicable way of dividing the province mto 

homogeneous strata 

(3) How many sample plots should be chosen for expoi intents 

(4) How should the plots be distributed among the diffeient strata 

(5) What should be the shape and size of sample plot foi experiments 

Random sampling implied an equal chance for evety sample plot under 
a crop to be included in the sample Tins could he done either by selecting 
random points and constructing a sample plot at oath of these point* or by 
selecting random fields and locating a sample plot m each selected field 
It was not practicable to locate a selected plot by mean* of the first method 
The second method too was not feasible, since it was not practicable to 
prepare a list of all the fields m advance and select therefrom A practical 
method of selecting a fandom sample of fields was to select a sample of 
groups of fields and then select a sample of individual fields from each 
selected group Previous investigations especially those of Pause and 
Kalamkar and his own showed that the most convenient method of selecting 
a random sample of sites for experiments was to select villages, to select 
fields in selected villages and to locate a plot in each selected field It was. 
however, possible that in this method the yield estimates may be biased if 
yield was associated with the size of a village or a field One could, how¬ 
ever, always weigh the plot-yields with the area under the crop in selecled 
fields and villages and obtain corrected yield estimates in case them was 
any association between the yield and ai ca under the crop m a field or village 
His own lesults showed that no correction was requitedpractice 

The object of dividing the province into homogeneous Grata was to 
eliminate the differences in yield between the stiata from the sampling error 
of the mean yield for the province Tins was known as the method of strati¬ 
fication. It consisted in dividing a province and its districts into zon#s 
which were as homogeneous as possible He said that Gratification by 
tahsils was found to be administratively convenient and statistically efficient, 
but he would leave the implications of this finding to be explained by 
Dr. Panse, who was to follow him. 

The number of experiments to be conducted for estimating the pro¬ 
vincial mean yield with a given precision depended upon the magnitude of 
the variability between villages and the magnitude of variability between 
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fields within villages If fields were sampled from a village and *p' 
plots were sampled in a field and the number of villages sampled from each 
stratum was in pioporiion to the area under the crop m the stratum, then the 
sampling variance of the average estimate of yield for the province was given 
by 


V (a) - 




P 

njp 


where it is the number of villages m the province selected for experiments 
and V, F and P denoted the estimates of the true variance between villages 
within strata, between fields within villages and between plots withm fields 
respectively \ glance at the formula showed that for a given number of 
experiments the sampling error of the estimated yield was the leajt when 
experiments were so distributed that one experiment each was conducted in 
a different village of the stratum Given the values of V, F and P one could 
determine ‘he number of experiments required for attaining the objectives 
of ciop-cut'ing experiments Theie were, however, other considerations 
which determined the number of experiments and its distubution within 
a stiatum These were (a) llu staff available, (b) the number of days available 
for haivesting and ( c ) the cost When crop-cutting experiments had to be 
conducted with the help of the departmental agency, as in India, and the 
period available for Jim vesting was limited to about a fortnight, as in the 
case of wheat, the number of villages that could be allotted to each field 
staff was limited T 01 , unlike in USA, and England, travelling from one 
village to another was difficult ui India and took, on an average, a day from 
one jandom village to another in a lahsil Again, of all items of cost, 
travelling between villages was by far the Jaigest item It was, therefore, 
important that having reached a village, the worker was asked to utilise the 
day fully These considerations led to a scheme of work which counselled 
more than one experiment per village Thicc fields per village and one 
plot within a fidd was found to be about the optimum distribution He 
said that he had calculated tables from which the number of villages required 
for estimating the mean yield with a given precision could be readdy deter¬ 
mined 


The size of plot to be selected for expenmems was a matter of consi¬ 
derable controversy In countries like USA and England the plot size 
adopted was very small, of the order 1/3,000th of an acre Even in India 
workers m Bengal and Bihar adopted small size plot of about the same order 
These plots were marked with the help of rigid or semi-rigid frames In his 
surveys he was, howcvei, using a much larger plot size varying from 1/100th 
to 1 /20th of an acre depending upon the tract and the crop. The plots were 
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marked with the help of chains and pegs He had conducted investigations 
for comparing small size plots as were marked with the help of rigid 
or semi-rigid frames and were used m Bengal and Bihar with laige size plots 
such as he himself adopted in his surveys The results of these investigations 
brought out certain interesting facts As an instance, he gave figures for 
the average yield for each plot size obtained mhis investigation in the district 
of Moradabad (UP) shown in Tabic 1 
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He said that a glance at tile tabJe showed that smaller plots gave ovei- 
estimates The degree of over-estimation deaeased as the plot size in¬ 
creased» but even as large a plot as 118 sq ft was not free from bias The 
results were consistent both for irrigated and unirrigated wheat and tor each 
tehsil in which experiments were carried out The rcults ewerc conclusive 
m showing that the use of small size plots such as were adopted in Bengal 
and Bihar, in the unevenly sown crops in India and possibly also USA 
and England, was attended with risk and, in all probability, led to serious 
over-estimation of the yield per acre. 
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The probable reason for over-estimation in plots of small size was the 
human tendency to include too many border plants inside the plot In the 
case of small plots the number of plants on the border formed an appreciable 
proportion of the total number of plants msidc the plot The estimate of 
yield was consequently more influenced by the contribution of border plants 
in (he case of small than large size plots A plant consisted of several tillers 
with a fairly large width at the base on the ground The workers, therefore, 
naturally experienced difficulty in deciding whether to include the border 
bunches msidc the plot, to exclude them or to divide them The results 
indicated a tendency to include the bunch as a whole inside the sample area 
Naturally with increase in the size of the sample plot and the consequent 
increase in the harvested sample produce, the degree of over-estimation 
resulting from die inclusion of border plants also diminished He had also 
carried out investigations for comparing large size plot with the field as a 
whole and gave figures to show that the estimate of the average yield as 
obtained from the large size plot and from the field as a whole agreed within 
the margin of their sampling errors 

Smaller plots also involved more sampling than larger plots As an 
instance he presented Table TI 
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This table showed that for a given number of fields in a village and a 
given number of plots in a field, the number of villages required for esti¬ 
mating the mean yield with a given precision increased as the plot size 
decreased As an illustration, he said, that m sample surveys on full pro* 
vmcial scale where three fields were sampled m each village and one plot 
in each field, the table showed that the use of a plot size 12 6 sq, ft in area 
in place of a triangular plot of area 472 sq ft involved 60 per cent, more 
sampling for estimating the mean yield with 5 per cent sampling error. In 
general, the tabic showed that the use of small size plots in place of the large 
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size plots, which he was adopting, led to a considerable increase m the number 
of villages to be sampled in order that the yield could be estimated with the 
same precwiou. The number of days available for harvesting being limited, 
the additional sampling of villages needed additional staff. Even assuming 
that additional villages could be managed by the existing staff, they would 
involve proportionate increase m the cost of travelling and, therefore, in 
the total expenditure on survey, unless that additional expenditure on travel¬ 
ling was offset by a decrease in the cost on actual harvesting of the crop 

He said that the same table could also be used to answer whether it 
would not be possible to replace a large size plot by s»everal small size plots 
by sampling more fields in a village and harvesting more than one plot in 
a field without increasing the number of villages The general conclusion 
that emerged from the table was that the number of fields to be sampled 
when the plot size was small would have to be much larger as compared With 
the number of fields when the plot-size was large and might w Jl be uneconomic 

The use of small size plots also required a precise technique for its loca¬ 
tion, marking and handling of its produce, and unless the staff was well 
trained and great care and vigilance were exercised, there was room for com¬ 
mitting several errors in experimenting with them When the agency 
available for crop-cutting experiments consisted of the available depart¬ 
mental staff, as m India, and when further they were expected to carry out 
this work in the course of their normal duties, it was also important that 
utmost simplicity was maintained in the technique By far the greatest risk, 
however, m the use of small size plots was the possibility of getting biased 
estimates These considerations coupled with the fact that the amount of 
sampling required for small size plots was excessive, ruled out the possibility 
of using them in the unevenly sown crops m India, until, at any rate, such 
time when facilities for transportation and travel from one village to another 
changed to what they were available m England and America and a suitable 
portable frame could be devised which guaranteed unbiased character of 
the yield estimates. 

Dr V G Panse said that a clear explanation of the statistical principles 
underlying the random sampling method for estimating crop yield had 
already been given by Dr. Sukhatme He, therefore, intended to illustrate 
their application by describing a large-scale sample survey on cotton m pro¬ 
gress tn the Centrat Provinces 

It was m Central Provinces and Berar that the present method of con¬ 
ducting crop yield surveys was first developed on cotton Beginning with a 
small survey confined to Akola District in 1942-43, there had been rapid 
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and extensive developments and now the method Was being applied to 
province-wide yield surveys on various crops. The present cotton survey 
in Central Provinces embraced the whole of the cotton area in the province 
which was about 3 million acres and was the largest provincial acreage under 
this crop. The cotton area was spread over 10 districts covering a geogra¬ 
phical area of 27 thousand square miles The object with which the work 
was taken up was not merely to determine the yield accurately but to do it 
in such a manner that the method Would be acceptable to the administrators 
both on account of its practicability and the reliability of its results. The 
aim was to develop a technique which was scientifically sound and feasible m 
practice and which could be made an annual departmental feature for esti¬ 
mating crop yield It was only when such a technique was incorporated 
into the administrative routine that a real and lasting contribution would 
be made to the improvement of Indian Agricultural Statistics. 

He then described the organisation of the cotton survey in progress in 
Central Provinces ut the current year. In each district of the province there 
were 3 to 5 tahsils or taluqas each with an area of 600 to 800 square miles 
and containing roughly 400 to 500 villages Further in each taluqa there 
were what were called 3 to 4 Revenue Inspectors 1 circles. These circles 
Were taken as the strata or subdivision within which random sampling was 
done Depending upon the cotton acreage of a circle, 2 or 3 villages were 
selected at random trom the list of villages in the circle In each selected 
village 3 cotton-growing fields were randomly selected fiom the complete 
list of fields having this crop tn the particular season. This list was prepared 
by the village patwari, A plot was marked m a random position in the 
selected field for harvesting The number of experiments, / e , the number 
of villages and fields, and their distribution m the different districts was based 
on the technical conclusions derived from the previous seasons* surveys and 
were expected to provide estimates of yield with a certain desired margin 
of accuracy. Selection of villages was done centrally and detailed instruc¬ 
tions for the selection of the fields and for marking and harvesting plots were 
given to the field staff The Revenue Inspector of the Circle was responsible 
for marking the plots in the fields selected by the Provincial Officer. The 
plot size was 1/lOth acre which was the standard size adopted in the depart¬ 
mental crop-cutting experiments It was found that there was no gain, 
either statistical or practical, in plots of a much smaller size and the retention 
of the plot size with which both Government Officers and cultivators were 
familiar had a psychological advantage. Plots were harvested by the patwari. 
A11 that he had to do was to pick the cotton of the marked area whenever 
it was ready, record the yield by means of balance and weights provided, 
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and report the figure to, the District Supervisor immediately after each 
ptekirtg. Cotton was different from other crops m respect of harvesting 
While the harvesting of other crops was finished m a day. in cotton it had to 
be done in six or seven rounds of pickings, spreading over three or four 
months and the plot must remain undisturbed on the ground for the whole 
season. This was another reason why large plots were necessary for cotton 
The peculiarity in harvesting of cotton had a compensating advantage in 
that the possibility of supervision was greater than in other crops 

In all there were 1,000 field experiments and from the results of previous 
surveys it could be predicted that the provincial yield per acre would be 
estimated with a standard error of about 2 5 per cent Explaining the 
meaning of the standard error, he said that the yield per acre wa* a sample 
estimate and the standard error provided a measure by which the true yield 
was likely to differ from the estimated yield. Consequently, the smaller the 
standard error, the narrower would be the range within which the true yield 
would most probably be. It was, therefore, necessary that the experiments 
should be planned m such a way that the standard error should be as small 
as possible The precision of the estimated yield depended upon two 
factors; (I) Stratification or subdivision of the area, and (2) total number 
of experiments. 'For instance, with a given number of experiments to be 
earned out m the province. 1,000 in the present case, these 1,000 experiments 
could have been randomly scattered over the whole province Instead, the 
province was subdivided into districts, the district into tahsils, and tahsil 
into circles. In this way this large tract was first subdivided mto a number 
of comparatively homogeneous strata and experiments separately located 
randomly withm each stratum so that the differences between these sub¬ 
divisions would not effect the magnitude of the standard error. Stratification 
would thus be one factor which would help m increasing precision There 
was, however, a limit to this gain m precision by stratification, and tahsils, 
he thought, would be that limit. By a further subdivision of tahsils he did 
not expect any greater increase in accuracy but all the same this subdivision 
was found desirable for the sake of administrative convenience. Another 
factor that governed the precision of experiments was their number The 
larger the number the greater was the precision. It was on these consi¬ 
derations that he had arrived at 335 villages with 3 fields per village as the 
moat suitable specification for conducting crop-cutting experiments on cotton 
in Central Provinces. 

tn such surveys the honesty of the field staff and the reliability of the 
results supplied by them was always a disturbing consideration to the mind 
Attempts had been made to overcome this difficulty by arranging that the 
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experimental work was done by two or more partial of investigators moving 
independently in the same area, thereby providing a check on one another’s 
work. Such arrangement, in his opinion, would not serve the purpose of check¬ 
ing the honesty of the field staff and would not also be practicable as it could 
not fit in with the departmental administrative machinery. The only check 
which he considered feasible was to devise adequate technical supervision of 
the field work and minimise the scope for dishonest work. In the present 
instance, the field staff had no hand in the selection of experimental plots 
and all that they were concerned with was proper harvesting and correct 
weighment of the produce, but h^re again a check was provided by insisting 
that the results of harvesting should be reported to the District Supervisor 
on the very date of harvest 

As regards the controversy of the small and large plots to which 
Dr. Sukhatme had referred, he said that ra respect of cotton the question of 
small plots did not arise. The plot had to be on the ground for a number of 
months and moreover as only a fraction of the crop was harvested at each 
picking, the plot had necessarily to be a big one Even otherwise, the 
question of plot size was a minor one and should not be allowed to assume 
proportions when the present progress would be in danger of being held up 
The main objective should be to insist on the fundamentals of a scientific 
method and demonstrate its practicability to the administrators and this 
required that only such modifications should be introduced in current methods 
as were essential The present problem is, " Can we persuade provincial 
administrations to take up the scientific method, of crop estimation as an 
annual routine immediately ? ” On the success m achieving this depended 
the real contribution of their efforts to the improvement of Indian Agricultural 
Statistics There would be plenty of time later to consider modifications 
and further improvements of details 

Mr . K. Kishen said that he would illustrate the application of the statis¬ 
tical principles to the estimation of wheat by describing the results of the two 
crop-estimating surveys on wheat conducted in the United Provinces during 
1943-44 and 1944 -45 under the technical direction of Dr. Sukhatme. During 
the 1943-44 Rabi season, the survey Was carried out in 45 out of the 48 dis¬ 
tricts of the United Provinces, leaving out the hilly districts of Naini Tal, 
Alniora and Garwal, The geographical area covered was 92,000 square 
miles The estimated expenditure on the survey (including the expenditure 
on statistical work) was Rs, 53,000. During the 1944-45 Rabi season, one 
more district, viz , Naim Tal (Plains portion) was added to the 45 districts 
selected in die previous year and the survey was carried out in these 4b dis¬ 
tricts. The geographical area covered by the survey increased to 95,000 
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square mike and the estimated expenditure on the survey was Rs. 55,000. 
In 1943-44, 1,160 villages representing approximately 1-5 per cent of the 
total number of villages in the province, were selected for the experiments. 
In 1944-45, 1,074 villages, representing about 1 per cent, of tbe total number 
of villages were selected. In both the seasons, the plan of sampling was 
similar. The total number of villages selected were divided roughly in pro¬ 
portion to the areas under wheat in the different tahsik. In each tahsil, 
the field work was usually done by one Junior Supervisor Qanungo, but, in 
tahsik where die number of villages was more than 7, two Supervisor 
Qanungos were put in charge of the work. The entire field work was so 
organized that no Supervisor Qanungo was required to carry out the experi¬ 
ments in more than 7 villages Tbe villages within a tahsil were selected at 
random with the help of printed random numbers to give equal chance to 
each village to be included in the list of selected villages. Within a selected 
village, 3 fields were chosen from among all the fields in the village under 
wheal, both pure and mixed, and within a selected field, a plot of 1/20th 
of an acre (66' x 33') was located at random. 

He stated that the entire field work was carried out by the revenue staff 
in the various districts under the administrative control of the Board of 
Revroue, United Provinces, with the full co-operation of the Director of 
Agriculture and his staff The organization for the work during die 1944-45 
season was as follows:— 

I At Provincial Headquarters — 

(i) The Assistant Director of Land Records (in-charge of Statis¬ 
tics); and 

(u) The Statistician, Department of Agriculture, United Provinces. 

II. At District Headquarters — 

(i) The Officer-in-charge, Land Records, in each dktrict; or, if 
for any reason, it was not possible to allot the work to him, 
another suitable Junior Civilian or Deputy Collector, as 
Officer-in-charge of the crop-cutting experiments on wheat; 
(li) A Senior Supervisor Qanungo. 

m. In Taksils.- 

One or two Junior Supervisor Qanungos in accordance with 
the local requirements. 

He then referred to the practical difficulties encountered in a few villages 
in the course of the field work. Although the cultivators all over the pro¬ 
vince generally co-operated with the revenue staff during the conduct of the 
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experiments, it was noticed that a few of them had a lurkmg suspicion that 
their produce Would be purchased by Government. In consequence, these 
cultivators were at first seriously opposed to allowing their fields to be experi¬ 
mented on and it was only after the object of the survey Was courteously 
explained to them that their suspicions were allayed In a few other cases, 
on account of the prevailing high price of wheat, the cultivators were inclined 
to harvest their crops even when green and unripe for fear of theft of the 
produce and were with great difficulty persuaded to wait till the scheduled 
dates of harvesting of their fields fixed by the Junior Supervisor Qanungos* 
In a very few cases, the cultivators actually harvested the fields even earlier 
than the fixed dates for harvesting. In some stray cases, the dates of har¬ 
vesting fixed by the Junior Supervisor Qanungos had to be altered as the 
crop in those areas had ripened earlier than expected on account of the blow¬ 
ing of dry westerly winds In such cases, the harvesting had to be done earlier 
than the dates fixed for the purpose and sometimes simultaneously with the 
selection of fields. In a few cases, when the village selected was unusually 
big and all the three fields were mature for experiments on the same day 
sotne difficulty was experienced in harvesting all the three fields in one day. 
In a few other cases, the three fields in a village did not ripen on the same 
day and the Junior Supervisor Qanungo concerned had to repeat his visits 
to such villages Although a Junior Supervisor Qanungo is in charge of 
part of a tahsil, called his Circle, he was required to conduct experiments m 
ail the villages within his tahsil. He experienced considerable difficulty 
when working m villages falling outside his circle as he did not get full co¬ 
operation from the patwaris and other revenue staff of the areas outside his 
jurisdiction in the conduct of his work. These practical difficulties had been 
largely overcome in the crop-estimating survey on wheat during the 1945-46 
Rabi season. The plot size had been reduced from l/20th of an acre to 
1/92*4 of an acre, the shape of the plot being an equilateral triangle of side 
33 feet With the help of specially constructed triangular chains, it was now 
relatively easy to mark out this plot in the field Instead of employing one 
Junior Supervisor Qanungo in each tahsil, all the Supervisor Qanungos 
throughout the province had been trained up in the technique of carrying 
out the experiments and those Supervisor Qanungos in whose circles the 
selected villages fell were required to conduct the experiments in the villages 
within their circles. 

Mr Kishen then briefly discussed the results of analysis of the data for 
the two surveys. It was found that for the 1943-44 survey, the Bamptmg 
error expressed as percentage of the district mean yield in 26 out of the 45 
districts Wgs less than 10 per dent. Generally, in the district where the 
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number of villages was about 40, the sampling error was about 6 per cent. 
In only three districts was the sampling enor as high as 25 per cent. The 
sampling error of the provincial estimate of the mean yield was only 1-5 
per cent. It was also found that the official forecast of wheat over-esti¬ 
mated the wheat out-turn by about 15 per cent, dunng the year 1943-44 
and by about 10 per cent, during the year 1944-45 This over-estimation 
reflected on the accuracy of the existing official method of crop-forecasting. 
He then said that an idea regarding the number of experiments required to 
be conducted m each district and the province for obtaining estimates of 
the district mean yields with a given precision could be had from the follow¬ 
ing statement showing the numbai of villages required for the different 
percentages of standard errors: — 


No. of villages required for the different percentage# of standard errors 

No of fields per 
village 

2 p c 


981 
540 
452 

A glance at the above table would show that in order to estimate the 
average yield of a district with 5 per cent standard error, 86 villages per 
district with 3 fields per village would be required to be selected On an 
average, that would mean a selection of about 22 villages in each tahsil of 
the province. That number was, however, too large for one Supervisor 
Qanungo to manage dunng the period of harvesting Even for a tower 
precision of 7 per cent, 44 villages per district or 11 villages per tahsil would 
be required, which was also rather large for one Qanungo. Experience 
had shown that with the staff of one Junior Supervisor Qanungo in a tahsil. 
six villages per tahsil or 25 villages per district could be conveniently managed. 
With that arrangement, it would be possible to estimate the average yield of 
each district with a standard error between 9 and 10 per cent* However, 
an error of 9 to 10 per cent, was too large to be useful to the administration. 
The only practical solution was the employment of all the Supervisor Qanungo 
in all the circles of the province and the distribution of the villages selected 
in each tahsil among all the Circle Qanungos in the tahsil, each Qanungos 
being required to carry out experiments in such of the villages as fall in his 
circle. The field work during the 1945-46 Rabi season had been organized 
on these lines and it was hoped that as a result of that step, it would be 
possible to estimate the district mean yields with increased precision, 
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Mr. Koahen then referred to the unsatafoctory character of the statistic* 
of outturn for oilseed crops, such as linseed and mustard in the United Pro¬ 
vinces. These crops were generally sown mixed with other crops and the 
estimates of their out-turn obtained by the existing official procedure were 
unreliable and largely conjectural Confining attention to the linseed and 
rapeseed crops, for the sake of illustration, he remarked that there were as 
many as 18 crop mixtures, e.g , wheat-rapeseed, barley-rapes eed, gram- 
rapeseed, wheat-hnseed, barley-linseed, gram-linseed, etc., which contained 
linseed or rapeseed as one of the constituent crops. The proportions of 
constituent crops in these mixtures were largely dependent on the whim of 
the cultivator who was mostly guided in the matter by purely economic 
considerations. Thus the proportions of the constituent crops varied 
widely from tract to tract in a given year and also from year to year for a 
given tract. A discussion was held in the province to effect improvement 
in the estimates of out-turn of oilseed crops sown mixed, and it was thought 
necessary to add as many as 36 columns (two for each of the 18 mixtures 
above) in the Rabi crop statement prepared by the patwan Furthermore, 
on account of the wide variation in the proportion of constituent crops 
in a mixture, it was also necessary to take into account these proportions 
for the purpose of conducting crop-cutting experiments and determining 
average yields per acre for linseed or rapeseed in each of the 18 mixtures 
for varying proportions of linseed or rapeseed. It was thus clear that some 
aspects of die problem of effecting improvement in the statistics of crop 
production m the United Provinces presented great difficulties and could 
not be overcome without the expenditure of a heavy amount of money, time 
and energy. However, it was fortunate that the problem of mixed crops 
was not so complicated m the case of important food crops. 

Mr. Kishen concluded by saying that in the United Provinces, crop- 
cutting experiments on wheat and paddy on a province-wide scale had 
beoome more or less a permanent annual feature. In connection with the 
crop-estimating survey on wheat during the 1945-46 rabi season, it was the 
intention to train all the Circle Qanungos, about 700 m number, throughout 
the province in the technique of carrying out the experiments. With the 
help of that trained agency, it would be feasible to extend crop-cutting experi¬ 
ments to other important crops, viz , juar, bajra, maize, barley, gram, arhar, 
'cotton and sugarcane m the immediate future. It was only by that means 
that the much needed improvement in the existing seriously defective st&tis* 
tics of crop production in the province could be effected. 

Mr . G. R, Ayachii said that the official procedure for determining the 
pormal yield provided for the conduct of crop-cutting experiments on average 
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field*. In actual practice, however, these experiments were rarely carried 
out and where they were carried out the method was known to be defective 
a* the selection of the fields was based on the personal notion of average. 
The correct procedure was to conduct these experiments in the fields selected 
on the principle of random sampling method This was recognised as far 
back as 1919. The Board of Agriculture recommended that crop-cutting 
experiments should be conducted on the principle of random sampling 
method Attempts were also made by Sir John Hubback in Bihar (1923-25) 
and later by Sir C D Dcshmukh in Central Provinces (1928-30) to introduce 
the principle of random sampling method, for carrying out crop-cutting 
experiments. But these attempts did not leave a lasting impression on the 
methods followed by the provincial governments for conducting their crop¬ 
cutting experiments. The question naturally arose “ Why were the Pro¬ 
vinces carrying out the experiments by the old method when the random 
sampling method was the correct procedure ? ” The plausible reason for 
this situation seemed to be that these earlier schemes had been formulated 
without full appreciation of the practical difficulties involved in the intro¬ 
duction of random sampling method for conducting crop-cutting experiments 
It was thought that these experiments required large additional staff and 
additional expenditure. To add to these there was also the unwillingness 
on the part of the provincial governments in introducing any thing that was 
different from the traditional departmental routine. These were the consi¬ 
derations kept m view when the Imperial Council of Agricultural Research 
formulated schemes of crop-cutting experiments on an all-India basis. It 
was obvious that if the random sampling method were to replace the existing 
procedure then only the minimum essential changes should be made in the 
current procedure so that experiments could be carried out by the existing 
departmental staff m the course of their normal duties, without heavy addi¬ 
tional expenditure. Accordingly, those aspects of the scheme which did 
not vitiate the random character of the sampling method were retained in 
the new technique, eg, the size of the plot. It was considered that there 
was no particular advantage in changing the size of the plot to which officers 
and cultivators were accustomed under the old method. There was in fact 
a definite psychological advantage in not changing it. The results of the 
Morad&bad district described by Dr. Sukhatme showed that their decisions 
to adopt the large plot size was a sound and a safe one as in all probability 
in earlier attempts die yield was over-estimated. 

The first experiments by the random sampling method based on large 
sbe plots were conducted on wheat in the United Provinces and in the Punjab 
during the year 1943-44 The experiments were carried out by the staff of 
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Provincial Departments of Revenue in the United Provinces and Agn* 
culture in the Punjab The entire field staff was trained by the I C.A.R, 
Statisticians. The field staff were required to send the returns to the centre 
as soon as the prescribed work was over. The returns were scrutinised as 
they Were received and the data subsequently analysed. Tn view of the 
encouraging results of these surveys, the work was extended to paddy crop. 
Three pilot schemes were carried out in khanf season of the year 1944 in 
Raipur district in Central Provinces, in Tanjore district in Madras and in 
Kotaba district in Bombay, In the year 1944-45, the expenments on wheat 
were extended to C.P, Sind and NW.FP, in addition to U.P. and Punjab 
and experiments on paddy were extended to the whole of rice-growing belt 
of India excepting Bengal. The successful organization of these surveys 
involving the training of a large number of field staff of the provincial 
departments and covering a geographical aiea of India’s size within a brief 
period of two years was a definite advance in the application of statistical 
science and was brought about by the efforts of the Imperial Council of 
Agricultural Research. 

During the first year (1943-44), the total number of experiments con¬ 
ducted on wheat in Punjab and United Provinces were 2164 and 3444 and the 
mean yields were estimated with the sampling errors of only 1 5 and 1 4 
per cent respectively, The sampling error of the provincial estimates of 
mean yields in surveys conducted during 1944-45 also varied between one to 
three per cent It was interesting to compare the sampling estimates with 
the official ones. The first wheat survey in U P. showed that the official 
figure was an over-estimation to the tune of about 15 per cent, and these 
surveys in the Punjab showed that the official estimate was slightly an under¬ 
estimate by about 10 per cent The official estimate for NWFP. was also 
an under-estimate. In C P and Sind, however, the two estimates agreed 
within the margin of sampling errors. It was m the district estimates of 
yield that the real weakness of official figures lay. Thus m C P. although for 
the province as a whole the sample and the official estimates agreed within 
the limits of sampling error, the official figures m the individual districts 
were in considerable errors. In most of the districts the official estimate 
was higher than the sampling estimate and in six districts, the differences 
were significant Out of these six districts, four districts were from paddy 
tract of Chhattisgarh division and the official estimates for these four dis¬ 
tricts were higher than the corresponding sampling estimate by a margin 
going from 44 to 88 per cent. Equally according to sampling estimates 
there was a very large variation in the average yield from district to district, 
the range variation going from 2 19 maunds to 7 93 maunds per acre. The 
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official figures, on the other hand, were relatively closely grouped around 
the provincial average 5*03, theiT range variation being 3*77 to 6*72 which 
was only about half the range of variation for the sample estimates This 
narrow range of variation in the official estimate of yield per acre was a 
direct consequence of the narrow range of variation of the district normal 
yield figures since the official yield was the product of the normal yield and 
the condition factor. It was apparent that if the crop-cutting experiments 
were repeated over a number of years, the resulting normal yields would be 
considerably different from those used by the Provincial Governments for 
calculating the official estimates of the yield per acre. 

He further said that apart from estimating the yield the surveys could be 
utilised in obtaining useful ancillary information regarding other cultivation 
practices. The surveys also brought the staff of the Department of Agri¬ 
culture in contact with interior villages which the staff had never visited in 
the course of their normal duties. 

Sardar Labh Singh referred to his connection with the traditional method 
of crop-cutting experiments in the Punjab for over 20 years In this pro¬ 
vince an average field m an average village was selected for the experiment. 
This selection was definitely dependent upon the personal factor. But apart 
from this personal factor, there were other reasons for inaccuracies m the 
agricultural statistics As the origin of the collection of statistics relating to 
yields of crops was in connection with the commercial or administrative 
point of view, persons who had to collect yield data were inclined to be on 
the lower side to be sure that the land owners were not overtaxed. This 
was the reason why the official figures of cotton (normal yields) were much 
lower. The cultivators also, being afraid of increase in the land revenue, 
were ready to do whatever they could to lower the per acre value of the 
crop. In case of crops other than cotton, where the selection and harvesting 
can be done on the same day, there is a possibility of getting accurate results 
but in case of cotton where the harvesting is to be done in five to seven 
instalments and the crop had to remain for a period of two to three months 
on the field after the commencement of harvesting, the farmer through fear 
of increased assessment would in most cases try to interfere. He would try 
to pick some boJIs, and stop irrigation and thus would deliberately try to 
lower the yield. Thus in spite of all the efforts to improve per acre value of 
yield there would be considerable danger of interference by the farmer and 
there would be a great tendency on his part to lower the yield. The land 
revenue policy was thus responsible for the inaccuracies in the agricultural 
statistics to a very considerable extent, 
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Mr. G. C. SkaHgram said that apart from giving reliable estimates of 
actual yield, random sample surveys provided the best means of obtaining 
yield forecasts with a considerable degree of accuracy. These foreoasts 
were most important from the point of view of commerce and industry. A 
careful eye-estunation of the crop in the sample plots, quantitative observa¬ 
tions on components of yield such as number of plants per unit area and 
number of bolls per plant or other plant characters related to yield, amount 
of rainfall and other information could be utilized to make a reliable fore¬ 
cast of yield. Regression relationships of these quantities with actual yield 
obtained from the three years* surveys carried out on cotton in Central 
Provinces and Berar since the year 1942-43, were being studied with the 
object of obtaining suitable prediction formulae 

A considerable amount of ancillary information of both scientific and 
practical value could also be had from the sampling survey. This included 
various aspects of cultivation practices, spread of improved varieties and 
factors governing crop yield such as depth or nature of soil. This type of 
information was being collected in the surveys on cotton in Central Pro¬ 
vinces and Berar. For example, the spread of improved cotton varieties 
was measured in the provincial survey in 1944-45 It was found that most 
of the cotton area in Berar was under the improved variety JanJIa while 
Central Provinces had only 7-4 per cent of the total area under this variety. 
It was also noted that the yields per acre of Jarilla in Berar was slightly 
higher than in Central Provinces and the difference was of the same order 
as the yield of all the varieties in the two tracts. 

Mr. Panda said that as one who was required to consult agricultural 
statistics frequently in the course of his work in the Planning and Develop¬ 
ment Department, he welcomed the attempts made by Drs. Sukhatme and 
Panse for improving the quality of yield statistics He said that it was 
essential that atea figures should be known accurately for all crops and for 
aU territorial units, because they were the basic figures upon which rested all 
other calculations of output of yield. For this reason alone, he said, he 
did not favour the use of the random sampling method. He watched with 
interest the use of this method for estimating acreage in Khar and Bengal, 
but the results of the survey in Bihar showed that the margin of errror of the 
acreage estimates was too large for administrative decisions. He, therefore. 
Strongly advocated that in the permanently-settled parts of die country and 
in the Indian States, patwari agency on the lines existing in the temporarily- 
settled parts should be immediately set up. It was a happy sign, he said, 
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that In two of tite time permanently-settled provinces they had appointed 
suitable land reoords organization for the enumeration of acreage* 

He said that his remarks should not be taken to imply that all was well 
with area statistics in the temporarily-settled areas. Although, in his opinion, 
in the patwarl agency an excellent and most suitable organisation existed 
for collecting acreage statistics, it was necessary to ensure that adequate 
and active supervision was exercised over their work to see that this agency 
worked satisfactorily in day-to-day practice. 

Mr. V. B Sahasrabudhe said that it had been observed that the official 
estimates of yield per acre were generally higher than the actual yield obtained, 
when the season was unfavourable and vice versa. This resulted in narrowing 
down the range of yields in the individual seasons. This fact could be 
illustrated by comparing the following figures for Akola district for the three 
seasons 1942-43 to 1944-45 m which crop-cutting experiments were con¬ 
ducted on the cotton crop by the random sampling method. 


Yield of Kapnfi in lbs per arre 



1942-43 

1943-44 

1044-46 

Crop-ratting experiments 

136 t 

2S3 

190 

Official estimate „ 

ns | 

853 

210 


The results may be taken to represent three types of season, poor, good 
and medium* It would be seen that the value of the official estimate ranged 
from 310 to 253 lbs. while those from crop-cutting experiments ranged from 
136 to 283 lbs. 

The crop-cutting experiments conducted by the random sampling method 
provided reliable statistics for yield estimates and should, therefore, be con¬ 
ducted for a series of years to fix the standard or the normal yield for various 
crops. The standard or the normal yield was supposed to be the average 
of 5 to 10 seasons and should, therefore* be revised from time to time. This 
did not seem to have been done for the standard yield for cotton for Akola 
district, as the present standard of 320 lbs, of kapas was being used for the 
past several years, It would be interesting to note that this figure was very 
much higher than the average yield obtained by the crop-cutting experi¬ 
ments in the three seasons mentioned above. Even the average yield obtained 
from the crop-cutting experiments conducted by the provincial agricultural 
and land records departments which were published m the season and crop 
reports were below the present standard for Akola district, 
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On nH iahadur K. R, Ramenath&n who took ike-chair ft on 3-45 f <n. 
to 6 Mt, moond up the proceedings. He asked for figures for the «oec -of 
surveys op wheat and cotton conducted by the Imperial Council of Agri¬ 
cultural Research and the Indian Central Cotton Committee and thoee 
incurred by Prof. Mahalanohis in his survey in Bengal, then made a brief 
comparison of the two and expressed his satisfaction at the low cost and 
efficiency of the Imperial Council of Agricultural Research method. He 
said that as a meteorologist his experience was that the yield per acre varied 
considerably from plot to plot owing to the large differences in the weather 
conditions and said that random sampling was the only objective method for 
arriving at an unbiased estimate of the average yield. He expressed the hope 
that these surveys would be taken up as an annual departmental routine 
on a permanent basis by the Provincial Governments in years to come. 
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I. Introduction 

The genus Striga includes parasitic species which by forming haustori.il 
connections with roots of the host plants cause extensive ravages upon crop 
plants. The development of embryo in this genus has not been sufficiently 
investigated, an old account only remaining about Striga lutea (Mitchell, 
1915). Cytological Work has however been made in this genus recently by 
Kumar and Abraham (1941) where they have given an account of the chromo¬ 
some numbers in this genus and traced the development of the anther wall. 
The present study is a continuation of a scries of papers from this laboratory 
on Scrophularmee (Snnivasan, V. K., 1940; Raghavan and Snnivasan, 
V. K, 1940, 1941o and 1941 b). A review of cyto-morphological work in 
this family has been given in the first paper in this series. The present 
communication deals mainly with the development of endosperm in Striga 
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euphrasioides Benth. and some details of megasporogcnesis and embryo 
development. 

II. Matouau akp Methods 

Observations were mostly made from slides prepared m this laboratory 
by Mr. V. fc, Snmvasan, M Sc , which were kindly given to me by Dr, T. S. 
Raghavan, Some fresh slides also were prepared from materials collected 
locally, The ovaries were fixed in formalin-acetic-alcohol and sections 
were taken by the paraffin method and stained in Haidenhain’s Hematoxylin 

Striga euphrasioides Benth. is one of the common weeds of South India. 
Though reported and described' as a parasite, it was not possible to trace the 
parasitic relationship of this plant with any of the grasses growing nearby 
in spite of careful efforts Gamble (1924) makes a similar remark also in 
that “ it is parasitic and destructive on crops of Sugarcane and Sorghum, 
but this is not recorded from Madras'*. 1 

The plant is a scabrid herb covered with stiff short hairs with dark green 
or greyish stems The plant is crustaceous and rough to feel due to its 
scabrid nature. The leaves are opposite below and alternate above, linear, 
ui to two inches long and with 1 to 2 teeth on their margins. Flowers are 
solitary in the awls of the leaves. Calyx 15-ribbed, all ribs being continued 
to the tips of the lobes. Corolla tube slender, abruptly incurved about the 
middle. Upper lip two-lobed and the lower three-lobed. Stamens four, 
didynamous. Ovary bicarpellary, bilocular wnh a fleshy axile placenta with 
numerous ovules. The fruit is an obovoid capsule. 

Ill The Ovule 

The ovule first arises as a pappillate protuberance from the placenta. 
After the differentiation of the single hypodermal archesponum the ovule 
becomes bent towards one side due to unilateral growth. There is a single 
massive integument, the primotdium of which is differentiated just at the time 
When the ovule becomes bent (Fig. 1). By the time the arcbesporium gets 
elongated to form thp megaspore mother cell, the integument grows half 
way up the tip of the ovule (Fig. 2) It reaches the level of th* nucellus 
during the early megasporogenesis stages (Fig, 3). From now onwards its 
growth is more rapid and it grows past the nucellus partly crushing it and 
forms the micropylat canal even before the functioning megaspore is organ¬ 
ised into the uninucleate embryo-sac (Fig 4) 

* U is interesting to note hi this connection, that Striga n tphraslotde* germinates to a 
flirty high extent (44%) even without host stimulus und*r certain conditions (Kumar and 
Solomon* IWO) 
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The nucellus is also of the reduced ‘ tenuinucellate * type (Schnarf, 
1929) which is common in Sympettle*, though exceptional cases m poly- 
petafcm show such a type, e.g., Vaklia (Raghavan and Srinivasan, V. K., 
1942), There is a single layer of nucellus covering the archesporium on all 
sides except the chalazal one (Figs. 2 and 3). This nucellus, as is always the 
case with ' tenuinucettus *, is short-lived. It is crushed between the develop¬ 
ing massive integument on the outer side and the growing functioning mega- 
sport inside and finally disintegrates (Figs. 3 and 4) 

The ovule becomes completely anatropous during the late embryo-sac 
stages. 

IV. Megasporooenesis and Embryo-sac 

The archesporium of the megaspore is made up of a single hypodetmal 
cell at the tip of the ovule which becomes distinguished from the rest of the 
ovular tissue by its larger size, prominent nucleus and dense cytoplasmic 
contents (Fig. 1). As in all sympetalous families, this does not cut off any 
parietal cell, but functions directly as the megaspore mother cell after elong¬ 
ating longitudinally The nucleus of the megaspore mother cell is situated 
at its micropylar end (Fig. 2). 

As a result of the meiotic divisions of the megaspore mother cell, a 
linear tetrad of megaspores is formed of which the chalazal one functions. 
The functioning megaspore gives rise to the eight-nucleate embryo-sac 
through throe divisions, the first two divisions resulting in the two-nucleate 
and the four-nucleate embryo-sacs respectively (Figs. 4-6) Tbu» the deve¬ 
lopment of the embryo-sac conforms to the monosporic normal type 
(Maheahwari, 1937). 

The polar nuclei fuse early in the ontogeny of the embryo-sac; the mature 
embryo-sac is seven-celled. The antipodal cells also ate ephemeral and 
undergo degeneration at this stage (Fig. 6). The synergids are large cells 
with basal vacuoles; the egg cell lies between the synergids. The egg cell 
is not longer than the synergids and so does not protrude beyond the vacuolar 
region of the synergids (Fig. 6). The synergids degenerate after fertilisation, 
as is commonly (he case. It is however to be noted that the synergids are 
reported to be persistent in another genua of tbis family, Angelonia (Srini¬ 
vasan, V. K., 1940). v 

The pollen tube raters through the micropyle and effects fertilisation. 
The synergids are destroyed during this process. The remains of the pollen 
tubes are seen upto later stages in the endosperm development as darkly 
staining patches near the zygote (Figs. 7-11) 

M 
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Fjo, |. Archesporium of the megaipore PritnorUium of the integument is just differentiated. 
Fio. 2. Megaspore mother cell 

Fkj 3. Uttar tetrad stage showing the nucellus just beginning to degenerate. 

Flo 4. The same stage with tltc micropylar mega spores degenerating The nucellus has 
completely degenerated. 

Fjo, 5. Four-nucleate embryo-sac Integumentary tapetum formed 

Fg> 6 Mature embryo-sac. Antipodal degenerated and polar nuclei fused 

Fio 7. Zygote and primary endosperm nucleus 

Fio 8 First division (Transverse) of the endosperm nucleus 

Fkj 9 Two-celled endosperm 

Fto 10 Division in both the endosperm cells 

Fio 11 Throe-celled endosperm 1 wo micropylar cells and a bmuclcate chalazal chamber 
formed. Division (transverse) in the mictopylar cells 
Fio 12 a Five-celled endosperm The two cells just surrounding the embryo form the 
micropylar h&ustormm, the lowermost bmucleatc cell forms the ch&lazal hausto- 
rium and the two cells in the middlo divide and produce the endosperm tissue 
F«Q 12A Transverse division m the central endosperm cell which gives ri:»e to the endosperm 
Fjo 13 Chalazal baustorium invades and curves back into the mtegumental tissue, 
MJf —Micropylar haustorium (binucleatc) Zy —Zygote End —Endosperm T — 
Tapetum. C /f.—Chalazal haustorium Con str —Conducting strand 
Fio 14 Condition of ovule and tapetum during the two-celled embryo stage Signs of 
degeneration m the haustoria are seen 

FiO 15 Ovule in the quadrant stage of the embryo Tapetum and haustoria completely 
degenerated 

Fiqs 16-19 Embryo stages Explanation in the text 

AU figures except 14 and 15 are of magnification x 450 Figs, 14 and 15 magnification 
X 200. 


V The Tapetum 

During the mature condition of the embryo-sac and its Jater stages, it 
is seen to be surrounded on the sides by the integumentary tapetum (Figs. 
6-13), Mitchell (1915) has said that no integumentary tapetum was observed 
in Sitiga lutea. In this species, however, the tapetum is present right from 
the four-nucleate embryo-sec stage (Fig 5), but it is more clearly defined 
from the mature embryo-sac stage onwards Mitchell’s observation of 
the non-occurrence of tapetum in a closely related species is interesting. 
Whether a fairly important character such as this is likely to differ even 
within a genus, can be determined only by investigating the other species of 
Striga That it is not however universal in this family, is indicated by its 
reported absence in Angelonia (Srinivasan, V. K , 1940) In this species 
however there can be no doubt as to the formation of the tapetum which 
becomes more well defined in the early post-fertilisation stages (Figs. 7-13), 
The tapetum at all stages of development covers only the sides of the embryo- 
sac leaving ordinary cells at the micropylar and the chalazal ends. In 
longitudinal sections of the ovule, it is seen to be six to seven-celled in the 
four-nucleate embryo-sac stage when only it is distinguished (Fig 5), and 
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teft to twelve-celled in the mature embryo-sac and the post-fertilisation 
stages (Pigs. 6-10), As the embryo-sac elongates after the division of the 
endosperm nucleus, the tapetum also correspondingly increased in length 
reaching a maximum of 15 to 18 cells from the three-celled endosperm stage 
onwards (Figs. 11-13) After this, the tapetal cells which were more or 
less square in shape and densely cytoplasmic, become tangentially elongated 
and vacuolate (Fig. 14). They are uninucleate throughout and degenerate 
shortly after the quadrant stage of the embryo (Fig 15). 

VL The Endosperm 

To start with the primary endosperm nucleus is located in the central 
portion of the embryo-sac (Fig. 7) A large vacuole is formed towards the 
chalazal end of the embryo-sac The first division of the endosperm nucleus 
takes place transve sely resulting in two daughter cells one superposed on 
the other (Figs. 8 and 9) Thus the endosperm dcvelopmer t is cellular which 
is a common feature in Sympetale® This is however by no means the rule 
For example in Rubiace© (Raghavan and Rangaswamy, 1941; Raghavan 
and Srinivasan, A. R, 1941), Asclepiadace®, Apocyanace®, Convolvu- 
lace®, Logamace®, etc (Schnarf, 1929), the free-nuclear endosperm is the 
prevalent condition. 

Of the two daughter cells of the primary endosperm cell, the rmcropylar 
cell divides longitudinally to form two cells In the chalazal cell, only the 
nucleus divides resulting m a bmucleate chalazal chamber (Fig. 10) The 
division m these two celts may be simultaneous or one may precede the 
other, generally the micropylar cell dividing earlier Thus a three-celled 
endosperm is formed of which the lower does not divide any more. No 
Wall formation ever appears to take place in this cell which directly functions 
as the chalazal haustorium This three-celled type of development has been 
recorded in Striga lutea (Mitchell, 1915). Krishna Iyengar (19396) hag 
reported m Stemodia and Limnophila a uninucleate chalazal chamber instead 
of the bmucleate one observed in Striga Srinivasan, V K (1940) ha$ how¬ 
ever reported the two<eiled chalazal haustorium m the same species of 
Stemodia ♦ In Rehmannia angulata (Krishna Iyengar, 1942) the formation 
of the haustonum from the chalazal chamber is reported. The number of 
nuclei vary from two to five but generally it is two and at times an incomplete 
longitudinal wall is formed in this chamber. So this two-nucleate uni¬ 
cellular chalazal haustonum is not uncommon m this family. Sometimes 
unicellular condition of the chalazal haustorium may be secondarily derived 
by the disintegration of the longitudinal septum as is described for Vandetlia 
(Srinivasan, V. K, 1940) and Bonnaya (Krishna Iyengar, 1940). Unicellular 
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chalazal haustormm has been observed in plants belonging to allied families. 
In Podatium (Srmivasan, A R, 1942) it is unicellular and four-nucleate. In 
Stachytarpheta (Tatachar, 1940), it is two-nucleate as in the present case 

While the chalazal chamber thus remains unchanged, transverse divi¬ 
sions take place in the two micropylar cells (Fig 11) Thus two tiers of 
two ceils are formed (Figs. 12 a and b) Of these, the micropylar pair forms 
the haustonum at that end and the two central cells by further divisions 
give rise to more endosperm cells (Fig 12 b) Only transverse divisions 
take place at this stage thus forming only two rows of cells Later however 
longitudinal divisions follow which increase the size of the endosperm in 
bulk (Figs 13-15) 

The micropylar haustonum is not very aggressive The cells become 
binucleate (Fig 13) and later by the fusion of these nuclei we get two uni¬ 
nucleate ceils as seen m Fig. 14. Mitchell (1915) has observed this non- 
aggressive nature of the micropylar haustora and says that “no definite 
haustorium is formed though the cells of the endosperm grow a short dis¬ 
tance up the micropyle surrounding the suspensor and are probably to be 
considered as having a haustonal function “ The endosperm cells around 
the suspensor and those formed at the base of the micropylar chamber have 
dense protoplasm and stain far more deeply than the surrounding cells of 
the endosperm 

Both the chalazal and the micropylar haustoria begin to degenerate 
soon after the division of the zygote (Fig 14) Though the chalazal hausto¬ 
num appears the endo3perm cells near it becomes elongated longitudinally 
and stain deeply (Fig. 15) This densely cytoplasmic group of ceils at the 
chalazal end probably take over the function of the chalazal haustorium 
during the later stages when the haustoria have ceased to exist This 
surmise is further supported by the fact that these cells persist until very 
late stages in the development of the embryo and retain their healthy and 
cytoplasmic nature. 

VII. The Embryo 

The zygote divides rather late after about 12-15 endosperm cells are 
formed. Thus the embryo development is initiated only after a well-estab¬ 
lished nutritive tissue is organised around the oospore Two successive 
transverse divisions m the zygote result in the formation of a thre^-ceFed 
proembryo (Fig, 16) The lowermost suspensor cell becomes very long 
pushing the proembtyo nearly to the centre of the embryo-sac (Figs, 13 and 
14). Of the three cells the terminal cell undergoes two longitudinal divi¬ 
sions in planes at right angles to one another resulting in the organisation 



28 A, R* Srinivasaii 

of the quadrant stage (Fig. 17). The quadrant cells undergo a perktinal 
division to result in the octant (Fig 18) By this time another penchnal 
division takes place m the uppermost suspensor cell making the susrensor 
three-celled. 

Oblique walls are laid down in the octant cells differentiating the dermato- 
gen from the central core (Fig. 19) The cell of the suspensor in contact 
with the proembryo undergoes another penchnal division. The upper 
daughter cell forms the hypophysis and takes part in the formation of the 
dermatogen of the root, while the lower forms part of the suspensor. Further 
divisions m the cells of the embryo lead to the lobing of the cotyledons. 

Vin, Discussion 

(a) The integumentary tapetum —In a previous paper, RaghaVan and 
Srinivasan, V. K. (1942) d'scussed at some length the role of the integument¬ 
ary tapetum in the light of its correlation to the nuceJlus and the endosperm. 
Nuclear type of endosperm such as is found in the Polypetale® is associated 
with a massive nucellus and two thin integuments. In them, tapetum is 
conspicuous by its absence. There arc however exceptions to which refer¬ 
ence has been made by the said authors. In the Sympetalc® the reduced 
type of nucellus or the " tenumucleate *' condition is the general rule A 
correlation seems to exist between these observed facts Where there is 
massive parietal tissue—“ the krassmucellus "—the nutrition of the embryo- 
sac is presumably defective To make up for this defective nutritive 
mechanism the tapetal layer has come in Special chalazal integumentary 
tissues enclosed by the tapetum occur in some cases to aid the tapetum in 
its nutritive role, eg , Linmanthemtm (Srinivasan, A. R., 1941) and Lobelia 
trigona (Kausik, 1935). The tapetum is associated with cellular endosperm 
any of which show one type of haustoria or another The implication 
is that the nutritive mechanism not being perfect, recourse has been taken 
to these supplementary devices to make up for the deficiency The question 
whether the integumentary tapetum functions much in the same way as the 
microsporangial tapetum—i e., by contributing directly nutritive materials—* 
or, acts merely as a liaison tissue, has also been discussed in the previous 
paper under reference (Raghavan and Srinivasan, V. K„ 1942). The tenta¬ 
tive conclusion then reached that it acts more as a liaison tissue than any¬ 
thing else, seems to be confirmed by observations made in this paper, 

The predominantly nutritive function of the tapetum should not blind 
us to its mechanical function of protection which is no less important. This Is 
often overlooked except in som; special cases where the tapetum is persistent. 
M the functioning megaspore enlarges considerably during its development 
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it makes room for itself by crushing the surrounding nucellar ceils. In (be 
case of three poiypetalous families, there is a massive nucellar tissue which 
becomes thinned down as the embryo grows digesting the substance of the 
crushed cells immediately surrounding it. It is quite common that m all 
these cases the degenerated nucellar cells are found surrounding the 
embryo-sac. 

In all such ovules there are two integuments which are mainly protective 
in function and seem to play very little port in the nutrition of the embryo- 
sac. As there is a massive nucclius which is m contact with the funicle, 
the embryo-sac is feeing itself upon this nucellus and both the integuments 
axe left completely intact upto the seed stage when they form secd-coats. 

In the Sympetale* however, the role of the integument changes. The 
thin and the fragile nucellus does not persist beyond megasporogenesis stages 
It degenerates leaving the massive single integument to come in contact with 
the embryo-sac. The single integument has to serve a dual function here, 
f.e., of nutrition and protection of the embryo-sac. Hence the tapetum 
is formed. If we examine the nature of tapetal tissue and its behaviour 
during the development of the embryo-sac, we will find that it plays the pro¬ 
tective role to a greater extent than is ordinarily ascribed to it. 

Firstly it is a layer of compactly arranged cells covering the embryo-sac 
at least on the sides The cells appear healthy and firm capable of with¬ 
standing pressure exerted by the developing embryo-sac. Moreover, these 
cells are not affected by the developing embryo-sac, but retain their original 
size and shape until late m the post-fertilisation stages, when they degenerate. 
The degeneration of the tapetal layer takes place only after the formation of 
endosperm which takes over the nutritive role and partly the protective role 
also. For, in many of the ‘ tenuinucellate' ovules the outer endosperm 
layers become cutmised serving as a protection to the underlying tissues 
after the degeneration of the tapetum. The integument in all these cases 
forms a flimsy covering of one or two layers of cells over the hard endosperm 
and thus is of no protective value. 

(6) Endosperm and nutritive devices —The preliminary role of endosperm 
is to nourish the developing embryo. It is the tissue from which the embryo 
absorbs its food directly. Thus it plays a direct role m the nutrition of the 
embryo. In the case of the nuclear endosperm it is able to perform this 
function without taking recourse to any special devices, for, the endosperm 
itself lies embedded within the massive nucellus from which it directly takes 
the food requirements of the embryo In the case of the cellular endosperm 
on the other hand, many devices are adopted to perform this function of 
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Absorbing food from the massive integument and pass it on to the endosperm. 
Some of the main types of these devices and the way m which they help die 
-endosperm are briefly indicated. 

First of all the suspensor haustona may be considered, for they arise 
directly from the cells of the embryo and consequently play a direct role in 
the nutrition of the embryo. These are formed from the cells of the suspensor 
as large outgrowths which branch profusely and ramify the integumentary 
tissue. There seems to be no correlation between the occurrence of 
these and the type of endosperm. It occurs associated With nuclear endo¬ 
sperm (Lloyd, 1902) or with ce'lular endosperm (Rangaswamy, 1941) 

The parts of the embryo-sac which remain persistent often play a hausto- 
rial role. These serve as absorbing organs which pass on the nutritive mate¬ 
rials absorbed by them to the endosperm, where tney get stored up Persistent 
syriergids have been reported to perform haustona! functions in Angelonia 
(Srinivasan, V. K , 1940) Antipodals which are normally ephemeral, divide 
arid multiply to form a special haustorial tissue connecting the endosperm 
and the integumentary tissues These occur generally in some genera of 
Rubiace® and Composite® (Schnarf, 1929, p 355) In Rudbeckia bicolor 
(Maheshwari and Srimvasan, 1944) the antipodals are far larger than the 
cells of the egg apparatus and one of them persists even upto the time of 
differentiation of the cotyledons. This was said to be suggestive of an 
"antipodal oospore” by the authors. Presumably these serve some 
haustorial function also. 

The nutritive significance of the tapetum has been discussed in the first 
half of this discussion The other main device is the formation of endosperm 
baustona These are exclusively formed by the cellular endosperm. The 
division of the primary endosperm nucleus results in th ee tiers of ceils of 
Which the cells at the mieropylar and the chalazal ends are differentiated 
into the mieropylar and the chalzai haustona Both the haustoria always 
occur together though one of them may sometimes be less aggressive and 
consequently less prominent than the other, c.g, Striga. 

The number of haustorial cells may vary from one to four. In the case 
Of Cehta and Isoplexis, four-celled haustona occur at both ends of the 
embryo-sac (Krishna Iyengar, 1939 a). It often happens that the cross¬ 
walls disintegrate in the four cells and result m a tetranucleate cell, eg , 
'V&uU3lia (Srinivasan. V. K., 1940) Both haustoria are two-celled in 
UpaHthts find Scoparia (Raghavan and Srinivasan, V. K, 1941 a and b), 
>OAer conditions may occur in which the two hauatona diflecin the number 
of oetls composing them. For example we get in Striga<mo<6Ued micro- 
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pylar haustorium and single-celled chalazal haustorium. In Bomaya 
(Krishna Iyengar, 1940) the micropylar haustorium is four-celled while tbe 
chalazal is one-celled. 

The endosperm haustorm have been classified into definite types accord¬ 
ing to their final configuration (Krishna Iyengar, 1940). The number of' 
cells composing tbe haustona are held to be the criterion to assess their 
primitive and advanced nature. Thus the typ; met with in Celsta with four-, 
celled haustona at both ends of the embryo-sac forms the most primitive 
and the type met with in Striga with two micropylar alls and one chalazal 
cell forms the most advanced. 


IX Summary 

The embryo-sac development in Striga euphrasioides Benth. is of the 
monosponc type. 

The integumentary tapetum is present and functions till late post- 
fertihsation stages. 

The endosperm is cellular Micropylar and chalazal haustoria are 
formed of which the former is two-celled and less aggressive and the latter 
single-celled. 

The correlation between * tenuinuccllus \ integumentary tapetum and 
cellular endosperm is discussed in the light of the nutrition of the embryo- 
sac and embryo The protective role of the integumentary tapetuoiiia 
emphasised. 

The various devices for the nutrition of the embryo-sac are briefly indi¬ 
cated with special reference to the endosperm tissue. 
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I. Introduction 

fee* pemious paper dKhetib*) a detailed account o| the External Morpho* 
logy of 0, bmmmica was attempted, tic IstomsL Anatom* as weU of this 
important group of beetle* is very peoeljr known and banco m apoktgy A 
needed to undertake this study. During the course of thb investigstio* is 
was found that this beetle presents certain iixteaesting features in> the arrange* 
ment and distribution of the Malpighian tubules and trachea#. 

II. Teohnique 

Alt dissections were made under normal saline or Bingm's solution 
With the help of a powerful dissecting microscope. Uonla lamp was found 
to be most useful ip giving a steady tight when certain dissections had to be 
done under vpry, h$i magpifloafion. Much dtfljculty was cxjycfefKgd ip 
ttaefog the course of the Malpighian tubules as long itMttxrionof the fresh 
tissues even in normal salt solution was followed by their hjatofytit and 
subsequent disintegration, This was overcome by treating the material 
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with Bouin’s fluid fot about five minutes after die animal was opened under 
normal saline and got rid of all superficial fat. It was further found advan¬ 
tageous to wash the freshly dissected tissues with tap water prior to treating 
it with Bobrin. After this preliminary treatment with Bouin die material 
wag transferred to 50 % alcohol and die entire dissection was carried out 
under the latter. This method has two advantages: 1. any disintegration 
of tissues is prevented and the tissues do not get hard enough to prevent 
handling; 2 the Malpighian tubules acquire a yellowish tinge which 
renders their tracing much easier. 

For sectioning the freshly dissected parts were fixed in Carnoy’s fixative 
or alcoholic Bouin and sectioned in the usual way. For sectioning the entire 
insect the usual double imbedding method was tried but the freshly emerged 
beetles could be sectioned even with the usual paraffin method. The fixatives 
most extensively used were Bouin’s (alcoholic) and Camoy’a with Mercuric 
Chloride. Both these fixatives gave satisfactory results. The specimens 
after the usual process of dehydration Were transferred to pure Benzene for 
an hour and then to a saturated solution of wax m Benzene at 2S degrees 
temperature Here the material was kept for about two hours and then 
brought to pure wax of 56-58 degrees melting point and allowed to remain 
there for about twenty-four hours with at least two changes so that all traces 
of Benzene were removed. Sections were cut 8-10 microns thick and 
arranged on slides thinly smeared with Mayer’s albumen After removal 
of the wax they were given a dip in a thin solution of Colloidin in absolute 
alcohol and at once plunged in 70% alcohol for about five minutes in order 
to allow the Colloidin film to harden This treatment of the mounted 
sections with Colloidin does not allow them to fall off during the subsequent 
processes of staining and dehydration. Sections not covered with this thin 
film of Colloidin were invariably found to loose many a structure. Several 
stains were tried but Borax Carmine-Picro-Indigo-Carmtne and Mallory’s 
triple stain gave the best results. 

Ill The Alimentary Canal 

The alimentary canal consists of a simple tube with few convolutions 
(Fig 1). Throughout its length it is surrounded by a thick layer of adipose 
tiqslie., The relative Abundance or otherwise of this tissue varies with the 
time oT the year and the amount of food. It was found that at the close of 
the active life of the beetle when it prepares forhibematton. the fat in the body 
Increases considerably, so much so that on removing die tergites in a freshly 
kilted specimen nothing but fat could be seen. In Fig. 1 the alimentary 
banal is seen sit if as It appears after clearing away the fist. 
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Fio. !. Alimentary canal in situ 

1 The Fore-Gut —This is a short tube consisting of the pharynx, 
oesophagus, crop and the oesophageal valve There is no gizzard (Fig 3) 

(a) The Pharynx —-From the dorsal side the pharynx ( Ph .) cannot be 
properly seen as it bends downwards towards the mouth. The inner lining 
of the pharynx is provided with a number of chitmous bristles and passes 
forward into the extra-oral mouth cavity Its dorsal wall is supported by 
a pair of chitmous rods arising from the term® of the labrum 

(b) The Oesophagus —The oesophagus ( oes ) is a very short and narrow 
tube connecting the crop (cr ) with the pharynx and is not very clearly 
marked out from the latter. Posteriorly it is marked off from the crop by 
definite constriction. Its inner lining like that of the pharynx is provided 
with a number of bristles. 

(c) The Crop.—The crop (cr) extends from the posterior region of 
the head to the anterior end on the prothorax. The oesophageal valve (oes v.) 
is well developed and marks the division between the fore- and the mid-gut 
internally. Externally the two divisions of the alimentary canal are marked 
out by very slight constriction. 

2. The Mid-Gut —The mtd-gut is the longest portion of the alimentary 
canid (Figs. 1-3) Anteriorly it is marked off from the fore-gut by a slight 
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Fkj. 2 Alimentary canal showing the course of Malpighian tubules. 

constriction and posteriorly from the hind-gut by the insertion of the second 
group of Malpighian tubules (com d). The first group of two Malpighian 
tubules (ant. Afalp. t.) are associated with the mid-gut. According to 
Man sour 17 ’ 11 the adult mid-gut development »n Chrysomelidaj is of Ptinus 
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type where it develops from the end of the stomodaeum durmg 
metamorphosis 

3 The Hind-Gut —The hind-gut can be divided into ileum (if), colon 
(col,), and rectum (reef.). The distinction between the first two divisions is 
not at all sharp but the rectum is marked out very clearly from the colon 
by its very thick muscular lining and by the abrupt ending of the Malpighian 
tubules at the posterior limit of the colon The rectum passes backwards 
to open on the ventral surface of the rudimentary 9th tergum. The inner¬ 
most lining of the rectum is highly chitinized and thickened The epithelial 
cells have no cell boundaries and the nuclei arc in the form of a syncitium. 
There are no rectal glands. 

4. The Malpighian Tubules —The question of the ectodermal or the 
endodermai origin of the Malpighian tubules has been much discussed of 
late years. Though most of the workers have ascribed an ectodermal origin 
to them (Heymons and Luhmann, and others), there are some (Henson*) 
who regard them to be endodern^al in origin. According to Mansour 57 ' M 
the mid-gut itself is ectodermal m origin in various insects he had studied* 
Recently Roonwal** in his excellent memoir on the embryology of tocusta 
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Fio. 6. Trt inverse lection of Alimentary canal pacing through th 
region of Com. K. m Fig. 2,x300 
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MigratoHa migratoriodes has brought forward evidence to show that the 
definitive mid-gut epithelium m this insect is ectodermal m origin. Further 
he is of opinion that Henson's homology of the Stomodaaal and Proctodscal 
invaginations of Pieres' embryo with the oral and anal remnants of the blasto¬ 
pore in Penpatus is not correct “ The blastopore of Feripatus is formed 
simultaneously with the differentiation of the endo-mesoderm The stomo- 
daeal and proctodseal invaginations of Pieris, on the other hand, appear long 
after the differentiation of the endo-mesoderm (uiner layer) Consequently 
the stomodanim, th: proctodaeum, and the Malpighian tubules be regarded 
as purely ectodermal," (Roonwal 1 *) 

The Malpighian tubules in 0. hirmanica arise in two groups, A posterior 
group of four tubules arising from a common duct (com d ), and an anterior 
group arising separately although very close to one another (Fig 6, malt 10, 
malt 20) Proximally these two tubules jre enclosed in a common fascia 
which apparently gives an impression of their ^rising by a common duct, 
but a section of the alimentary canal m this region (Tug 6) clearly shows 
their separate openings in the gut cavity. Heymons and Luhmann 10 have 
shown that in Galcm 'elki viburm the anterior pair arises from the mid-gut 
and the posterior pair by a common handle from the hind-gut The author 
is in complete agreement with their account so far as the origin of these 
tubules m two groups is concerned but there are certain fundamental differ¬ 
ences between his observations \v G birmanica and the arrangement described 
by Heymons and Luhmann in G vthiirm with regard to the attachment of 
tubules to colon and the union of the anterior pair of tubules with the 
posterior pair. This will be described in the account that follows 

The course of the Malpighian tubules —The course of the Malpighian 
tubules is shown diagrammatically in Fig 2 and m general resembles that 
described by Davidson* in Cirocercas asparagi The common stem (cc 3) is 
shown much posteriorly in this diagrammatic sketch for the sake of clarity. 
The actual place of formation of this common stem and its ultimate fate is 
indicated m Fig 4. Out of the four tubules which arirc from the common 
knob (com k ) the two outer ones (mal t y and mal * 4 ) run along the ventral 
side in close association with the ventral nerve cord and the two inner ones 
(mal t t and mal run along the dorsal side of the alimentary canal. Both 
the pairs run oephalad as far as the crop, one pair to the right the other to 
the left, wbsre they bend sharply backwards and following a sinuous course 
reach the anterior portion of the colon The two tubules of the left side 
meet together to Form a common stem (cc 2) which becomes intimately 
attached to the left side of the colon, This commor stem is joined by one 



42 


S. Mahmood Husain Khatib 

of the tubules of the anterior group and the three together form Ac main 
stem (cc 3). Same is the fate of the tubules of the right side. Heymons 
and Lehmann do not see in G. vibumi an opening of one of the tubules of 
Ae anterior pair into the common stem which is formed by the posterior 
pair. They say that it just rests upon this common stem and illustrate Ac 
same in their diagram. Further Aey have observed a chamber-like space in 
Ae wall of the colon in which this common stem opens No such chamber¬ 
like space is seen in G. birmanica and the anterior tubules actually communi¬ 
cate with Ae lumen of the common stem thus forming Ae main stem. The 
two tubules of the anterior group (mal 1 5 and maf t *) are much smaller 
in lengA Aan Aoseof Ae posterior group and follow a more sinuous course 
m Ae body cavity closely associated wiA Ae ileum and colon. Each of 
these is finally umted wiA one of the common stems described above. The 
mam stem formed by Ae union of Ae Aree tubules on eiAer side becomes 
applied to Ae colon and is enclosed in its peritoneal membrane. Soon, 
however, this stem splits into its component parts still retaining lateral 
position. In a series of transverse sections it is seen that as the posterior 
region of colon is reached these tubules spread more and more along its 
ventro-lateral areas Fig 7 shows Ae arrangement of tubules in Ae middle 



Fio 7 Transverse section through the middle of colon, 
x 253 3 


of the colon. The dorsal side of the colon has no tubules. There are three 
bundles of longitudinal muscles lying on the ventral side of the colon. One 
of Aesc is mid-ventral in position and lies between Ae two ventral tubules. 
Of Ae oAer two bundles of longitudinal muscles one is situated between Ae 
ventral and Ae two lateral tubules of Ae right side and Ae other is similarly 
situated on Ac left side. There arc Aree more bundles of longitudinal 
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muscles (Ig. m.) in the wall of the colon, one dorsal and two dorso-lateral. 
Below die layer of die longitudinal muscles there is a thin layer of circular 
Dundee (cir. m.) intervening between the Malpighian tubules and the hind- 
gut epithelium. As the posterior limit of the colon is reached, the tubules 
become more and more sinuous and in sections of its po6terior-most region, 
these tubules form a sort of plexus and completely cover the colon (Figs 8 




Fig 8 

Fkk H, TmiMveric section through the posterior region of colon x 80. 

Fic 9 Upper half from Fig. 8 X 300 

and 9). The circular layer of muscles fades away and the longitudinal 
bundles also split up and become insignificant in this region. The very poor 
development of the longitudinal layer of muscles in this region can be attri¬ 
buted to the more or less uniform coveting of the Malpighian tubules. It 
is in the posterior region of the colon that a very close association is estab¬ 
lished between die epithelium of colon and that of the Malpighian tubules. 
The Malpighian tubules never open into the colon, 
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IV. The Dorsal Vessel 

Hie heart (Figs. 10 and 11) is a tubular structure extending from the 
last abdominal segment to the posterior region of the mesothoracic segment. 



Anteriorly it is continued into the aorta which opens in the head region 
The heart does not show any marked constrictions into chambers and is 
surrounded on both sides by a thick coating of fat (/ c). ft is kept in posi¬ 
tion by eight pairs of alary muscles (a/ m) and is provided with four pairs 
of ostia (os ). Lying closely applied to the heart are a number of pericardial 
cells (per c ) with very large nuclei. Some of the cells contain as many as 
four nuclei. The pericardial cells can be easily distinguished from the fat 
cells on account of their large vesicular nuclei and more or less 
homogeneous protoplasm. The adventitia (pericardium: per.) shows a 
reticular structure. The alary muscles show no atriations in their terminal 
portions which are intimately attached to the adventitia, 
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V. The Tracheal System 

There are two pairs of thoraric and seven pairs of abdominal spiracles. 
The structure of the spiracles bas already been described (Khatib 14 ) In 
naming the principal spiracular trunks the terminology given by Snodgross 80 
has been followed, Viewed from the dorsal side, after a careful removal 
of the tergites (Fig 12), a pair of lateral longitudinal trunks (Jot long t) t 
one on each side of the body, connecting all spiracular trachea? from the 
first thoracic to the seventh abdominal spiracle is seen From the first 
abdominal to the sixth abdominal spiracle each of these trunks gives off 
dorsally three branches in the mter-spiracular regions. From the last 
abdominal spiracle is given off dorsally a transverse branch which divides 
into four main branches supplying the posterior portion of the beirt, rectum, 
genitalia and the fat body. The lateral longitudinal trunks as indicated 
above give off three main branches between the two consecutive spiracles 
which divide and subdivide supplying the various internal organs which lie 
in their region Each longitudinal trunk expands between the first abdo¬ 
minal and the second thoracic spiracle. The first abdominal spiracle apart 
from supplying the various internal organs and the body wall also gives off 
a large number of branches (d muse ) from its spiracular tracheae to the 
dorsal muscles of the mctuthorax It further gives off a second longitudinal 
trunk {s long t ) which establishes connection with the spiracular trachea 
of the metathorax. Upto the melathocax the two lateral longitudinal trunks 
remain quite separate. In the anterior half of the mesothorax they arc con¬ 
nected by a commissural trunk (cr cm) and by a similar commissural trunk 
(c/\ c p ) at the posterior border of the prothorax and at the base of the head 
(cr c h These commissural vessels may have arisen to provide better venti¬ 
lation in the thoracic and head regions Anterior to the commissure of 
the bead region the lateral longitudinal trunks proceed into the head as the 
dorsal head trunks Id h fr.) ana divide into a number of small branches 
supplying the dorsal muscles of the head and the compound eye«. The 
main branch on either side proceeds forward to , apply the antenna (mu b ). 
In the region of the metathoracic and the first abdominal spiracles a number 
of large tracheal branches are given off which supply the highly developed 
muscles of the m eta thorax 

When the dorsal trachea and the various internal organs are carefully 
removed the ventral trachea? come to view (Fig. 13) There is a pair of 
ventral longitudinal trunks (yenU I t.), one on each side of the body, uniting 
the ventral spiracular trachea from the last abdominal to the first thoracic 
spiracles, Throughout their length these longitudinal trunks are connected 
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Fi(. 12. Tracheal System, Dorsal view. 


Fig. 13 Tracheal System, Ventral view. 


with one another by ventral commissural trunks (vent com t). In all there 
are eleven such commissural trunks (vent comm t 1-11). The arrangement 
of these commissures and their relation to the ganglia of the ventral nerve 
cord where the latter exist are clearly shown in Fig. 13 and hence need no 
description. 

The first leg is supplied by a branch given off from the second ventral 
commissural trunk (/ l tt.). The second leg is supplied by a branch given off 
from the metathoracic spiracular trunk. The hind leg receives its tracheal 
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supply from two sources, vlt., the metathoraic spiracular trunk' and the first 
abdominal spiracular trunk. These two branches anastomose in the region 
of the femur. 

Anterior to the level of the sub-oesophageal ganglion the ventral longi¬ 
tudinal trunk continues as the ventral head trunk (vent. h. t.) After entering 
the head region it divides into an outer and dorsal branch (o. d. br .) supply¬ 
ing the mandible and an inner and ventral branch (i. v. br ) which imme¬ 
diately splits into three branches supplying the maxilla, the hypophatynx 
and the labium. 

As was suggested in a previous communication (Khatib u ) the distribu¬ 
tion of trachea in this beetle throws important light on the homologies of 
the two thoracic spiracles and to a certain extent supports the recently put 
forward hypothesis of Keilin. 1 * The trachea of the prothoracic leg arises 
from the second ventral commissural trunk which lies very close to the first 
spiracle. In other words the first pair of spiracles supply the prothoracic 
legs. The mesotboracic legs are supplied by the second thoracic spiracles 
If, as is generally held, the two thoracic spiracles be regarded as belonging 
to the mesothorax and the metathorax, the mesothoracic legs aught to be 
supplied by the first pair of thoracic spiracles but this is not the case. The 
arrangement in G. birmanica can be explained on the assumption that a 
backward migration of the second pair of thoracic spiracles from its inter- 
segmental position has taken place. Further the entire pterothorax (meso- 
cum metathorax) is supplied by brandies from the mesothoracic and the 
first abdominal spiracles. The first pair of thoracic spiracles contributing 
no trachea to this region. If the first pair of thoracic spiracles definitively 
belong to the mesothorax and have come to be situated in the prothoracic 
region secondarily, one would expect that at least part of the mesothoracic 
tracheal supply should come from the first pair of thoracic spiracles. Hence, 
as suggested by Keilin one may be justified in regarding the two thoracic 
spirades as belonging to the prothorax and the metathorax. The meso¬ 
thorax being devoid of spiracles. 

VI. The Central Nervous Systbm 

The central nervous system (Fig 14) consisting of the brain (br), the 
sub-oesophageal ganglion (sub. oes. g) and the ventral nerve cord shows the 
greatest specialization in the abdominal region. 

From die brain there proceed two slender connectives, the para-oeso¬ 
phageal connectives (par oes c .) which join the brain with the sub-oeso¬ 
phageal ganglion situated ventrally at the base of the head, The three 



S. Mahmood Husain Khatib 


br. 


sub.oes.gr. 
th.gr.l 
•g.2 


i 

\ oes.g. 


1 10mm. 

14 15 

Fio 14 Central Ncrvon System, Dorsal wrw 
Fjo X5. Dorsal view of the bram and the Stomatogastrlc nervous System 

thoracic connectives of the ventral nerve cord retain their double nature as 
is the case in most coleoptera. The three thoracic ganglia (th. g 1 to th g 3) 
are distinct from one another The metathoracie gUnglion is the largest of 
the series There are only two abdominal ganglia The first abdominal 
ganglion (abd g 1) is very small and lies close to the metathoracie ganglion. 
The second abdominal ganglion (abd g. 2) is oval and much larger From 
its postero-latcral region proceed a number of small nerves A thick nerve 
arises from the middle of its posterior region 

VfT. The SroMATOGAstRfc Nritvors System 

The stomatogastnc or oesophageal sympathetic nervous system (Fig. 15) 
is typically developed and is on the saltatonal orthopteran plan. The tri¬ 
angular frontal ganglion (Jr. g ) is situated a short distance in front of the 
brain and lies above the oesophagus Anteriorly it gives off a frontal nerve 
which goes to the clypeus. Posteriorly from the tip of the triangle is given 
off the recurrent nerve (r w.) which passes backwards between the ventral 
surface of the brain and the dorsal surface of the oesophagus and ends m 
the hypocerebral ganglion, The frontal ganglion is Anther connected by 
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bilateral connectives {r fr.g) wtih the tntocercbrum. Connected with the 
hypoccrebral ganglion are the paired osophageal ganglia (ow g .) Each 
(esophageal ganglion is connected with the deutoccrebrum by a sjener 
nerve (r oes g ) Lying very close to each of the oesophageal ganglion 
is the corpus allaium ( c ,a) Two stomachic ganglia (s g) are situated on 
the posterior dorsal surface of the oesophagus and ar^ connected by the paired 
recurrent nerves with the hypoccrebral ganglion. During its course each of 
these paired recurrent nerves gives off a small nerve (n 1) innervating the 
dorsal side pf the oesophagus and the heart Ftom the stomachic ganglion 
is given off a nerve (n 2) which proceeds backwaids and downwards to the 
ventro-lateral surface of the crop. 

Vni The Reproductive System 

1 The Female —The female reproductive system (Figs 16 and 17) 
consists of a pair of ovaries situated m the anterior abdominal region In 
Fig, 15 they are shown much drawn forward for the sake of clarity The 
position of the ovarioles in relation to the gut wall is shown in Fig 16 Each 
ovary consists of twelve acrotropic ovarioles provided with terminal filaments 



Fio. 16 Female Reproductive System, Dorsal view 


(term f) The terminal filaments of all the twelve ovarioles of one side 
combine together to form a common thread which is attached to the fat 
body. From each ovary is given off an oviduct (/ ov. d and r, ov d) t the two 
oviducts umte together to form the common oviduct (med ov d) which is 
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Fig 20, Transverse section of male abdomen 

continuous posteriorly with a much wider and long uterus or vagina ( ut ) 
opening behind the ninth segment The uterus receives on its dorsal side 
the common duct of the spermatheca and* the accessory gland. 

The spermatheca (sptk) is a hook-shaped chitinous structure lying 
very dose to the wall of the uterus with which it communicates by a short 
duct (spth. d) The long tubular accessory gland (ac. g ) communicates 
with the duct of the spermatheca. 

2. The Male,—The male reproductive system (Figs. 18, 19 and 20) 
consists of four large, oval and sessile testicular follicles (tes ) situated dorsal 
to the alimentary canal in the middle of the abdominal region and communi¬ 
cate directly with the two vasa deferentla (ms. def ). Each vas deferens is a 
small slender tube which extends from the testicular follicles to open into 
the ejacualory duct along its lateral side where the latter shows a slight 
dilatation The ejaculatory duct (ej d.) also receives a pair of much con¬ 
voluted accessory glands (ac. gl) along its mesial surface. It then continues 
as a slender tube and pierces the proximal part of the sdeagus. 
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X Summary 

1 To the best of the author’s knowledge the Internal Anatomy of an 
Indian Galerucid beetle has not been attempted so far As a matter of 
fact a search through the literature reveals that so far as the anatomical 
studies are concerned the entire family is very much neglected 

2 The arrangement of the Malpighian tubules differs in certain im¬ 
portant respects from that described by Heymons and Luhmann m 
Galerucella vibuml 


3 The distribution of tracheae in the thoracic region support the re¬ 
cently put forward hypothesis of Keihn With regard to the position of the 
two thoracic spiracles in insects 


4 The stomatogastric nervous system is on the salts tonal orthopteran 

plan 

5 There are four testicular follicles and the entire testis occupies a 
median position 


6 The ovanoles are acrotropic and each ovary consists of twelve 


ovanoles. 
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MASTIGOCLADOPSIS JOGENSIS gen. et sp. nov., 
A NEW MEMBER OF THE STIGONEMATACEiB 
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Received December 26, 1945 

A BLUE-GREEN alga, which shows many interesting features and appears to be 
new, was collected from a stream near Jog Falls in the Shimoga District, 
Mysore Province It formed tiny gelatinous expansions on submerged 
stones in the stream. 

The plant consists of an intricate mass of mam filaments from which 
arise a number of branches which are very long and slightly narrower than 
the main filaments The filaments arc provided with a closely investing 
sheath which is thin, hyaline and unlamellated (Text-figs. 2, 5, 9) Often 
in the younger portions of the filaments the sheath is very indistinct The 
tnchome is torulose in the main filaments and unconstricted or only slightly 
constricted at the cross walls in the branches. The cells are spherical to 
barrel-shaped in the main filaments and are 2*6-5 2/* broad and 3*9~6*6/i 
long. The cells tn the branches are somewhat longer and cylindrical and 
arc 2-3*9/* broad and 6*6-14 4/* long. 

The heterocysts are intercalary, lateral or terminal. Terminal hetero- 
cysts are situated at the end of very short branches, which are 1-3 celled 
(Teat-figs. 1, 9). Intercalary heterocysts (Text-figs 1, 7, 12 and 13) are 
ellipsoidal to cylindrical and arc 3 9-6*6/* broad and 5*2-10*5/* long 
Terminal (Text-figs 1 and 9) and lateral heterocysts (Text-figs 1, 10 and 13, 
Plate I, Fig. 1) are ovate to roughly spherical in shape and are 3-9-7*2/* 
broad and as long as broad or slightly longer. 

Branching occurs profusely. The branches are typically mastigo- 
cladaceous and resemble very closely those of Afastigocladus or Herpyzonema 
They axe either pronouncedly reverse ‘ V ’-shaped (PI. I, Figs. 1, 3; Text- 
figs. 9, 10, 11 and 13) or merely rest on two cells of the main filament 
forming a reverse * V ’ (PI. I, Fig. 2; Text-figs. 3, 4 and 7). Some of the 
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Mastigocladopsis jogensis gtn. «tsp. nov. 

Pk». 1 Portion of a well-branched filament with intercalary, lateral an* terminal heterocylt*. 

fto*. 2 and 3. Portions of filaments with the sheath drawn 

Figs 3, 4 and 6 Young stages of Mastigocladaccous brunchings 

Figs* 7, 9,10, I t and t3 Well developed Mastigocladaceous branchings 

Flos 8 and 12 Portions of filaments showing branching 

(AI1 except Fig. 3 x 750, Fig 3 x 1100) 

(L. H Lateral Heterocyst, T H Terminal Heterocyst, I C H Intercalary Hcterocyst) 

branches, however, appear like true branches and rest only on one cell of 
the main filament (Text-figs 8 and 12), 

No hormogones or spores were observed 
Systematic Position 

This alga, in having both lateral and terminal heterocysts, resembles the 
members of the Nostochopsidace® But it differs from them m having 
reverse ‘V’-shaped branches which are characteristic of the members of 
the Mastigocladacc* The alga is therefore very interesting in combining 
Within itself the main characteristics of two separate families, viz, the 
Nostochopsidace* and the Mastigocladace* This fact makes it difficult 
to refer it to either of these two familtes It is therefore referred to a new 
genus, Mastigocladopsis, and placed in a new family by name Mastigo- 
cladopsidace* The alga itself may be called Mastigocladopsis jogensis 
sp nov The new family proposed above may be considered as a synthetic 
family from which both the Nostochopsidaceae and the Mastigocladace* 
have probably been derived, or, the family may be considered to have been 
derived from a common ancestor from which both the Mastigocladacc* 
and the Nostochopsidace® took their origin 

In case the establishment of this new family should be objected to, the 
only alternative would be to place the new genus Mastigocladopsis along with 
tfostochopsis. Hapalosiphon, Mastigocladus and the other allied genera under 
one single family, Stigonematace® But, since the differences between the 
families Nostochopsidace*, Mastigocladaccae and Stigonematace* are so 
distinct and characteristic, the authors feel that it would be best to keep these 
families quite separate as was done by Geitler (1925 and 1932) and not 
include all the genera belonging to these families under the one single family, 

, the Stigonematace*, 

Seurat and Fremy (1936) recorded from Tunisia an alga which possesses 
both lateral (sessile) and terminal (pedicellate) heterocysts as well as inter¬ 
calary heterocysts and reverse * V ’-shaped branching. These authors refer 
this alga to Hapalosiphon lammosus Hansg 0 («* Mastigocladus laminosus 
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Cohn.). Since this Tunisian alga possesses both terminal and lateral hetero- 
cysts as m the Nostochopsidaces and also the reverse * V ’-shaped branching 
characteristic of the Mastigocladace®, the writers feel that it must be in¬ 
cluded in the present genus, Mastigocladopsis. 

Description 

. ' family Mastioocladopsidacp* 

Filament sheathed and branched^; branching both reverse ‘V’-shaped 
and simple; Hetcrocysts intercalary, lateral and terminal. 

Genus Mastigocladopsis gen. nov. 

Filament sheathed and branched; branching both reverse ‘V’-shaped 
and simple; trichomes with a single row of cells Heterocysts intercalary, 
lateral and terminal Hormogones and spores not known. 

Mastigocladopsis /ogensis sp nov. 

Filaments flexuous; branches profuse; branching both reverse ‘ V ’- 
shaped and simple; branches generally thinner than the main filaments; 
sheath thin, hyaline and unlamellated, trichojne somewhat toralose in the 
main filaments and unconstrictod at the cross-walls in the branches; cells 
barrel-shaped in the main filaments (2 6-) 3 9-5-24/* broad and 3 -9-6-6/* 
long; cells in the branches cylindrical. 2-3 9/* broad and 6 6-14-4/1 long. 
Heterocysts intercalary, lateral and terminal at the end of very short branches, 
which arc 1-3 cells long; inter-calary heterocysts cylindrical or ellipsoidal, 
3-9-6 6/i broad and 5-2-10-5/1 long; lateral and terminal heterocysts 
spherical or ovate and 3-9-7-2/t broad 

fliah.—Growing on submerged stones in a running stream, near Jog 
Falk, Shimoga District, Mysore Province, S India 

Summary 

An alga which shows the characteristics of the two families, the Nosto- 
chopsidaces and the Mastigociadaces, viz , both lateral and terminal hetero- 
cysts as in the former family and reverse * V '-shaped and simple branching 
as in the latter family is described m detail. Owing to the combination of 
the characteristics of two distinct families, the alga is referred to a new genus 
by name Mastigocladopsis and placed in a new family the Mastigocladopsi- 
dacec. 
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Fie 1 “Photomicrographs showing a well developed mastigodadaccous brandling ami a lateral 
heterOc>st 

Fias —2 Sl 3 —Pbotom crographs of hlamcnts showing nmtigodadaceous branchings, (all ^ HSO) 
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1 Introduction 

The parallelism between the variations in the occurrence of phytoplankton 
and the available nutrient salts has been so repeatedly established that it is 
now taken for a fact The chemistry and physics of sea-water and their 
bearing on the life in the sea have been thoroughly studied by a host of workers 
over a number of years The chemical constituents of biological importance 
m the English Channel have been worked out by Atkins*" 11 , Cooper 1 *-**, 
Harvey”, Orr* 8 etc and those of Clyde sea by Marshall* 5 . 
Rakestrav 81 has likewise studied the biology and chemistry of the Gulf of 
Maine, and Orr** the chemical and physical conditions in the sea in the 
neighbourhood of the Great Barrier Reef Howat 81 has recently made 
additions to our knowledge about the variations in the composition of the 
sea in West African waters In fact the importance of such a type of work 
has been widely recognised, as this problem is investigated in most of the 
Marine Biological Laboratories all over the world 

The history of Oceanographic research in Indian waters dates as far hack 
as 1875 when the survey ship “ Investigator ** was chartered for the Marine 
Survey under the leadership of Surgeon-Naturalist Alcock. The bottom 
deposits were studied by him, but the systematic investigation of hydro¬ 
graphy was not commenced until 1910 In the initial stages only the aur 

60 
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and water temperatures and salinity of sea-water were recorded. An inten¬ 
sive study of the physical conditions in Indian waters was made by Sewell** 
and the results of his investigation extending over several years were pub¬ 
lished in his monumental memoir on 44 Geographic and Oceanographic 
research in Indian waters” His investigation started with the study of 
the nature of the sea-bed and deep-sea deposits of the Andaman sea and the 
Bay of Bengal. A series of observations on the surface salinity and tempera¬ 
ture of the Andaman sea, the Bay of Bengal and the Laccadive sea Were 
made by Sewell and graphically shown in his memoir Matthews has like¬ 
wise examined a large number of samples of surface sea-water brought by 
44 Sealark ” and other merchant ships from different localities of the Indian 
Ocean and has given a comprehensive account of his investigation in his 
paper on 44 Physical Oceanography of the Indian Ocean 

Thompson* 6 has however recorded some chemical constituents in the 
Indian waters during the John Murray Expedition, 1933-34 Recently 
Chidambaram and Menon 1 * have correlated the occurrence of plankton 
and certain oceanographical factors with the fisheries of the West Coast 
(Malabar and South Kanara) Their investigation extends over a period of 
five years 1938-42 and includes only two hydrographical factors namely, 
the temperature and the specific gravity 

It will be seen from the above resume that the study of the chemistry 
of the Indian Ocean has received comparatively little attention in the past 
and practically no work has been done on the chemical and physical condi¬ 
tions prevalent in Bombay waters We have therefore recently undertaken 
a systematic study of the chemitry of sea-water, the knowledge of which is 
essential in all marine and fishery research The data regarding the chemical 
and physical conditions of Bombay waters, when accumulated over some 
years, will enable us to account for the periodical fluctuations seen m our 
study of the local plankton, fish eggs and fish larvae. The present paper is 
only a preliminary record of the chemical con&titutionts like siheate, phosphate, 
nitnte and ammonia and of a few physical factors present in Harbonr waters 
during 1944-45 The meteorological data is also recorded along with it 

2 Methods 

A weekly analysis of a sample of surface water from the Bombay harbour 
was made from July 1944 to June 1945. During this period 47 samples 
taken from near the shore were examined and the results shown in Table I. 
The meteorological data for the same period was also recorded (Table II) 

The temperature of water was read on a standard Centigrade thermo¬ 
meter immediately after taking the Water sample, 
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Denige’s method for phosphates as adopted by Atkins* was followed 
for the estimation of dissolved phosphates The reagents were prepared 
according to Florentine formula* and the comparison of the colour of the 
standard solution with that of the sample of water to be tested was made 
on Hehner’s tubes 

Dissolved silicates were determined by the coloromelric method of 
Dienert and Wandcnbulcke. The colour, developed on the addition of 
reagents, was matched against a suitable standard picric acid solution 16 

The Nitrite content was estimated by Gries method as modified by 
Iiosvay and used by On u The Gries-Ilosvay reagent was renewed very 
often and to ensure accuracy of results, a suitable standard solution was 
made by diluting a standard solution of higher concentration just before the 
addition of reagents as the dilute standard solutions change their nitrite 
content readily The colouis were compared in Hehner’s tubes. 

For the determination of Ammonia, 100 c c of sea-water, treated with 
4 drops of a saturated solution of mercuric chloride, was brought in a sepa¬ 
rate jena glass flask The estimation was made according to Wattenberg’s 
method 8 * by use of NesslerN reagent All reagents excepting Nesseler’s 
reagent were prepared each tune ammonia was estimated Every possible 
precaution was taken to avoid contamination of the reagent with ammonia 
in the air and all bottles containing the reagents were specially fitted with 
* U* tubes containing pumic salts and sulphuric acid 

3 Chemical and Physical Conditions 

Temperature 

The records of temperature of water are shown in Table I. The 
maximum temperature was 32 5° C on 23rd June, 1945 ard the minimum 
24° C on 9th Januaiy, 1945 The range of temperature during this period 
was therefore 8 5° C On comparing with the meteorological data (Tdblc II) 
it Was found that there was a close relation between the temperature of air 
and water and the maximum and minimum temperature of water fell almost 
with the same range as the daily maximum and minimum temperature 
of air. 

The dry and wet-bulb thermometer readings (Tdble II) indicate that the 
evaporation of sea water is going on all the year round The rate of evapo¬ 
ration is influenced by the following factors —(1) Atmospheric pressure, 
(2) Atmospheric temperature, (3) Atmospheric humidity, (4) Atmospheric 
movements—Wind, aid (5) Variations in salinity Sea-water evaporates 
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Meteorological Observations during 1944-45 
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* * 
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72-1 

! 51 

13-11—1944 

* * 

29 847 
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72 

*0-11-1944 

* * 

29-901 

77 2 

73-6 

83 

*8-11-1944 

ft. 

29 825 

77 4 

73-5 

82 

4-12-1944 


29 853 

75-1 

71 3 

82 

11-12—1944 

* » 

29-921 

74 6 

70 8 

J 

82 

19-12—1944 

• * 

£9*920 

71-5 

87-0 

78 

29-12-1944 

• 

29 875 

72-6 

67*5 

76 

1-1-1946 

• • 

29-908 

88 7 

62-4 

68 

9-1-1946 

• 

29-957 

$8'7 

67 2 

92 

17-1-1948 

* ■ 

29-980 

68-7 

65 3 

02 

23-1-1945 

» 

29-906 

70-8 

66 2 

78 

3-2-1945 

« • 

29-930 

67 7 

61 6 

69 

17-2—1945 

ft * 

29 884 

88-8 

61-5 | 

! 

68 

24-2-1945 

• • 

29 886 

74 6 

66-1 j 

« 

29-2-1945 

• ft 

29 893 

73 7 

64 1 ! 

| ; 

57 

7-3-1945 

• • 

29-898 

70-4 

| GO 9 

55 
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• • 

29-911 

75 5 

69 8 

78 

24-2-1945 

* * 

29-851 

794 

728 

71 

31-3-1945 

* ft 

29-798 

81-4 

78 3 

c 

1 

67 

7-4-1945 

• ft 

29-855 

77-9 

73-2 

79 

14-4—1945 

» • 

29 910 

77-9 

74-8 

85 
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more slowly than fresh water Harvey 17 has shown that the cooling of sea* 
water is to some extent dependent on the seasonal changes m evaporation 

Salinity:— 

The variations in salinity are shown in Fig L The maximum salinity 
recorded during the period under review was 38 4°/ o0 on 21st May, 1945 and 
the minimum 23’567 eo on 17th July, 1944 The fluctuations of salinity during 
Juiy-September were due to sudden influx of fresh water It increased during 



SCAlE —* 3 oi visions ** t mg 

Fio. 1 Seasonal Variations m Salinity 

the succeeding months with internment rise and fall and reached its maxi¬ 
mum m May 1945, 

Density:— 

The variations m the density of water were in accordance with the 
salinity of water The maximum and minimum values recorded were 1026 
and 1015 respectively (Table I). 
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Hydrogen-ion Concentration 

The hydrogen-ion concentration of our harbour waters varied between 
7*8 to 8*35 (Table I) It was highest on 20th April, 1945 and lowest on 
19th December, 1944. 

Phosphates:— 

Phosphate though found in small quantity in sea-water is one of the 
essential food constituents of phytoplankton The phosphate content 
showed no marked fluctuations excepting once and was found in varying 
quantities throughout the year, the average being about 22 mg per m*. It 
will however be seen from Fig. 2 that there was a sudden increase in the 



Fro. 2. Seasonal Variations in Pboaphate Content 

phosphate content on 6th November, 1944 Such a sudden rise has also 
* been recorded elsewhere previously by other workers. This high value 
might be due to the excess of bacterial decomposition of the organic matter 
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at the bottom of the sea or as suggested by Cooper 1 * might be due to direct 
oxidation caused by a number of factors acting on the air-water interface. 
The lowest quantity recorded was 13*04 mg. per m* on 14th April, 1945 
(Table I). 

Silicates:— 

The amount of dissolved silica in harbour Waters was found to be much 
greater than other chemical constituents recorded here. The minimum 
value during this period was 315 mg per m 8 and the maximum 1953 mg. 
per m* in September 1944 and in January 1945 respectively (Fig 3) The 
quantity of sthca was found to be higher particularly during January, Febru¬ 
ary and March than the other months of the year. 



JULY AUft 3£PT OCT MOV DEC JAM FEB MARCH AWl. MAT JUIfc JUIT 
SCAIA —DIVISION* ItTmq 

Fro 3, Seasonal Variations In Silica Content 


Nitrites and Ammonia:— 

The concentration of nitrite varies much as it oocupies an intermediate 
position in the oxidation of ammonia to nitrates. The nitrite content may 
be taken as a useful indication of rapid transformation of ammonia to 
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nitrates It will be seen from Fig 4 that there was m general a corres¬ 
pondence m the occurrence and variations of nitrite and ammonia during 



SCALE —3 DIVISIONS ^ 4 >n<! x ~ X V FOR. NITRITE 

^ 0 _0 —O FOB AMMONIA 

Fig 4 Seasonal Variations in Nitrite and Ammonia 

this penod The minimum and maximum values for nitrite Were 4*60 
and 167*1 mg per m 8 and for ammonia 9 84 and 156 3 mg per m 8 res¬ 
pectively (Table I) 

Meteorological Data:— 

The meteorological data such as Atmospheric Pressure, Humidity, 
Wind, Cloud, etc, were recorded for the same period as these factors have 
direct relation with the prevalent physical and chemical conditions in the sea. 

4 Summary of Conditions in Waters of the Bombay Harbour 
during 1944-45 

(1) In the rainy season (from June 15th to the end of September) the 
weather was less settled and there were thunder storms and heavy showers 
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of rain. There was a considerable disturbance m the sea and the water 
was mixed over great depths during this period In the remaining part of 
the year the winds were lighter and the mixing of water less pronounced. 
The sky was overcast with clouds for the most part of the rainy season and 
there was a bright sun light from October to the end of May 1945 

(2) The temperature of water varied between 24° C. and 32 5° C 
The maximum temperature of air was recorded as 103*1° F on 24th March, 
1945 

(3) The salinity was low m the rainy season—23 56°/ oo on 17th July, 
1944 and high m the summer—38 4°/ 00 on 21st May, 1945 

(4) The range of Hydrogen-ion concentration was 7*8 to 8*35 

(5) Phosphates were found in quantities varying between 13 04mg/m 3 
and 37 8 mg /m 3 It was as high as 51 9 mg /m 3 m one sample 

(6) The amount of dissolved silica was greater than any other chemical 
constituents recorded heie The lowest value was 315mg/m 3 and the 
highest 1953 mg /m 3 

(7) The minimum and maximum quantities for nitrite were 4 60 mg /m 3 
ard 167 lmg/m 8 and for ammonia 9 84mg/m 3 and 156 3 mg./m 3 res¬ 
pectively 
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1. Introduction 

Thb complex nature of humus which depends largely on its origin and mode 
of formation leads to considerable difficulties in the estimation of organic 
carbon m soil Further, in view of the fact that the standard dry combustion 
method is complicated, laborious and time-consuming, resort is being had 
almost entirely to the wet combustion methods by workers on soil Of 
these, the acid permanganate method modified by Nostitsz (1936), the alkaline 
permanganate method by Puri (1937) and Potassium dichromate method by 
Walkley and Black (1934) are in common use During the course of their 
work, the authors have expenenced much difficulty m the application of 
these methods for the estimation of organic carbon in calcareous soils, 
which in North Bihar may contain sometimes as high as 25-30 per cent 
of CaCO*. Under these conditions, potassium permanganate in acid medium 
is found to decompose on heating and thus straight away lead to erroneous 
results. Walkley and Black’s method which perhaps surpasses all the 
methods referred to above in regard to simplicity and rapidity, gives in¬ 
variably higher values in calcareous soils compared to the dry combustion 
method while Pun’s alkaline permanganate method although it is the nearest 
approach in aggregate of the soil samples examined, gives generally lower 
values and its end-point is not too well-defined With the success already 
achieved by the authors with the alkaline potassium ferncyamde solution 
m tbs estimation of reducing sugars in cane juice (1938) and carbohydrate 
m cane leaves extract (1942), this solution was further tried to estimate 
organic carbon in soils. The results obtained during the last two seasons 
have compared very favourably with those obtained by the standard dry 
combustion method 

*Tbe envious papers relate to the use of this method for the estimation of (i) Reducing 
sugars to cine,juice and (ii) Carbohydrate in cane leaves. 
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2 Experimental 

Potassium permanganate in acid medium decomposes on heating 
(Nosutsz, loc, cit.) and the authors find that the rate of decomposition in* 
creases with the period of bothng (Table 1). Both potassium permanganate 
and potassium ferricyanide in alkaline medium, however, remain quite 
stable for the brief period of boiling which is usually not more than five 
minutes and is quite ample to oxidise the organic matter 

Table I 


Rate of decomposition of oxidising agents with the period of boding 


Period of 

boiling 

(A) 

Acid pottslura 
permanganate 

(»> 

Alkaline potassium 
permanganate 

(C) 

Alkaline potassium 
ferricyanide 

Remarks 

Vol N/10 
KMnO* 
taken 

Vol N/10 
KMn0 4 
found 

Vol N/10 
KMnO* 
taken 

Vol N/10 
KMnO* 
found 

Vol. 

K,Fe(CN'« 

taken 

Vol 

K a Fe(CN) e 

found 









The methods 

Jnftt boiling 

20 0 

18*5 

10 0 

10 0 

20 0 

20 0 

used for A & B 

20 0 

18 0 

do 

do 

do 

do 

were exactly 
those recom 

1 minute 

20*0 

16 i 

do 

do 

do 

do 

mended by the 

boiling 

20 0 

14 9 

do 

do 

do 

do 

authors and for 
C as follows— 

2 do do | 

20 0 

14 8 

do 

do 

do 

do 

20 cc of fi* 

1 

l 

20 0 

14*5 

do 

do 

do 

do 

K.FtKCN^sol, 
are boiled with 

3 do do 1 

20 0 

14 0 

do 

do 

do 

do 

20 cc. ofj.fi* 


20 0 

1V8 

do 

do 

do 

do 

KOH and titra 
ted against 0*5% 

4 do do 

20 0 

13 0 

do 

do 

do 

do 

extra pure dex¬ 


20*0 

13*5 

do 

do 

do 

do 

trose sot. using 
one drop of 

5 do do 

20*0 

13*0 

do 

do 

do 

do 

methylme blue 


20*0 

12 7 

do 

do 

do 

do 

| as an internal 
indicator 


The alkaline potassium ferricyanide solution is a well-known oxidising 
agent and it has been observed that its rate of oxidation increases with the 
increased concentration of the solution. From the experimental results 
obtained with the various concentrations of the potassium ferricyamde 
as well as the KOH solutions, the following procedure has emerged as giving 
the best results m so far as the estimation of organic carbon in soils is con* 
cerned Tms consists m boiling 2 grammes of soil (finely powdered and 
seived through 100 mesh wire-gauze) with 20 c c. of 2 5% KOH solution for 
one minute, then adding 20 c c. of 5% potassium ferricyanide solution from 
a graduated burette, and further boiling on an electric heater for 3-4 minutes 
for complete oxidation Tne excess of ferricyanide solution is titrated back 
against 0 5% extra-pure glucose solution, the glucose and ferricyanide 
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solution being standardised such that 20 cc of 5% ferricyanide solution 
exactly neutralises 20c.c. of 0*5% extra-pare glucose solution. 

Walkley and Black (be. cit) while comparing their results with those 
from the standard dry combustion method found that only 60-85 per cent, 
of carbon reacted with Potassium dichromate and therefore they multiplied 
their results by 1*32 Puri (he. cit.) similarly worked out a constant factor 
of 3*9 to go with his method. This factor so far as the method outlined 
above is concerned is 0*2 for 2 grammes of sod, the percentage of organic 
carbon in soil being calculated by multiplying the volume of 5 per cent, 
potassium ferrncyanide solution consumed by 2 grammes of soil by 0*2 
(Table II) Liebig’s standard method of combustion was used as the stand¬ 
ard for comparing the results. The soil was heated m a stream of oxygen, 
the products of oxidation passing over glowing copper oxide to ensure 
complete oxidation and then overheated lead chromate to remove oxides 
of nitrogen, sulphur and halogens. The carbon dioxide produced was deter¬ 
mined gravimetrically Over a dozen soil samples in the senes given in 
Table II contatn inorganic carbon (as CaCOj) and, therefore, this CaCO* 
was removed from the soils before actual combustion by evaporating the 

Table II 

Comparative results of organic carbon estimation by the four methods 




Percentage of organic cor lion tn soil# 

Soil 

No 

Particular* 

Alkaline pot 

Pot dtchro 
te method 
(Walkley and 
Black) 

Standard dry 

Alkaline pot. 


permanganate 
method (Pari) 

cumbuttion 
method! Uebtg) 

ferricj amde 
method 

1 

2 

i 3 

4 

5 

6 

1 

2 

SSR. 

0*48 

0*37 

0*64 

0*54 

0*64 

0 53 

0*64 

0 42 

3 

Motipur 

0*29 

0 04 

0 47 

0*48 

4 

Pus* 

0*36 

0 62 

0 fti 

0 58 

A 

Majbaalm .. 

0*41 

0*47 

0*39 

0*30 

• 

Saboer .. 

G -59 

0 78 

0 oft 

0 75 

7 

Month yr 

0*03 

0*68 

0 55 

0*56 

s 

H art n agar 

0*60 

0*80 

0*66 

0 58 

a 

Navadah 

0*63 

0*09 

0 61 

0*62 

10 

Baluo re .. 

0*67 

0*62 

0*54 

1 0*62 

u 

Tilpara, Sahabad 

1*21 

1*82 

1*21 

1*35 

» 

Kafike, Kanchi 

0*74 

0*92 

0*85 

0*88 

is 

Jagadlahpur, Buxar 

0*62 

0*74 

0*62 

0 57 

14 

Cattack 

0*57 

0*77 

0*66 

0*80 

15 

Patna 

0*00 

0*78 

0*44 

0*60 

14 

Patporia, Mottfaari 

1*30 

1*38 

1 19 

1 30 

17 

Ki*hunpor*< Motihaxl 

0*84 

0*96 

0*78 

0 88 

IS 

Baba warm, Harinagar 

0*42 

0*74 

0*56 

0*60 


1-.. ! ...--~ 
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toil to dryness on a water-bath With excess of sulphurous acid. The soil 
is then powdered and mixed with a mixture of lead chromate and potassium 
chromate (lead chromate l part and potassium chromate 10 parts) m the 
proportion 2 1 and introduced into the combustion tube through the 
porcelain boat. The combustion is then proceeded as usual, only the 
ignition is done at a lower temperature. No sulphurous acid treatment 
was needed for other five carbonate-frec soils 

The data recorded m Table II has been subjected to statistical ana¬ 
lysis (Table III) where the differences in between the different methods have 
been tested with student’s ‘ t * The results tn the third column show that 
differences between A and B are highly significant whereas those between 
A and C and A and D are of the same order though * D ’ shows closer agree¬ 
ment with the standard method A This would be evident from the magni¬ 
tude of the intra-class correlation coefficient as recorded m column 5 of the 
Table Itl referred to above Further it has already been pointed out m 
para 1 above that C suffers from not too exact an end-point. 


Table TIT 

Statistical evaluation of different methods employed for the estimation 
of organic carbon m soils 


(1) 

(3) 

(3) 

(4) 

(#) 


; t 

Mean | 

■ 

S.E 

Prob (O 

Intra'daea correlp. 
coefficient! 

A-B 

-0 1229 

0-0151 

Les* than 0 001 


A-C .. 

0*0407 

0-0280 

0-178 

0-8720 

(Bet. A ft C) 

A-D 

-0 0107 

0 0303 

0*008 

0*9188 

(Bet. A ft D) 


Whore A stands for the standard method 

B „ Walkley & Black's method 

C Puri’s method. 

D „ Pot femeyamde method 

3. Summary 

1 Potassium permanganate in acid medium is found to decompose on 
heating and the rate of decomposition increases with the period of boiliny. 

2. A method for estimation of organic carbon in soil by oxidation 
with alkaline potassium ferricyanide solution is outlined. 
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3* The results obtained by the potassium ferricyanide method are 
shown to agree more closely m calcareous soils than other methods with 
those obtained by the standard dry combustion method. Besides the method 
is more exact in view of its very sharp end-point, 
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(Commumcated by Dr M A Moghe, ph d (London), F a.sc ] 

During the Art-survey of the rivers and reservoirs of the Dominions 
many young stages of Mystacoleucus ogUbll (Sykes) were collected. Most 
of the specimens were caught in the River Kistna near Gadwal in the 
month of May 1/43, since then other specimens were available from die 
Rivers Manjra and Godavari, and some other reservoirs. The young 
ones ranged from 43 mm to 97 5 mm The colouration during growth 
was as follows: 

1. The smallest specimen (Fig 1) was 39 mm long; the ground colour 
in the freshly-caught specimens was yellowish-white or in some specimens 
brownish. Six vertical black bands were visible, 1st above the opercle 
2nd a little behind it, 3rd descending from the fore-part of the dorsal fin, 
4th from the posterior part of the base of the dorsal, 5th above the middle 
of the anal, and the 6th near the base of the caudal fin. All the bands, 
excepting the first two reached the ventral profile. 




2. Specimens measuring 43 mm. (Fig. 2). Bands do not reach the 
ventral profile and the ground colour becomes a little lighter. 

80 
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3. Specimens measuring 31mm. (Fig. 3). Bands assume greyish* 
Mack colour and hardly distinct below the lateral line excepting the 2nd 
one. The last one assuming the form of a blotch. 

4. Specimens 77-3 mm. long (Fig. 4). Bands become still lighter in 
colour and some of them split up in the middle, the lower portions assume 
the form of blotches. The colour of the bands becomes still lighter and 
the ground colour becomes silver-grey. 

3. Specimens S6mm. m length (Fig. 5). Most of the"bands scatter 
and assume the form of irregular blotches and streaks Caudal spot still 
distinct. 




6. Specimens 97 - 3 mm in length (Fig. 6). Streaks irregular and found 
mostly on the lateral line. This stage corresponds to the specimen 
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described by Dr. Hora, in the Rec. Ind. Mus , Vo! XXXIX, Part IV, 1937, 
from River Tungabhadra near Kurnool 

7 Fig 7 has been reproduced from Day’s Fishes of India (Plates). 
He has described the colouration of the adult fish “ Purplish-silvery along the 



back, becoming sttvery-white from about four rows of scales above the 
lateral line The young sometimes have a dark spot at the base of the caudal 
fin, and four or five narrow black bands descending from the back to the 
middle of the side.” I have no specimens in my collection which corres¬ 
ponds to the adult one described by Day For confirmation, I got some 
specimens froth Dr. Sifter, Poona, but could not find any in those also which 
were Without any blotches and streaks 
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Mystacoleucus was included in the genus Rohtee by Day, but has since 
then been established as a separate genus, owing to the presence of “Pro¬ 
cumbent Pre-dorsal spine” in the dorsal fin which is absent in the genus 
Rohtee . It has been fully dealt with by Mukcrjee, Rec Ind Mus , VoL XXKlV t 
1932, and later by Dr Hora in the same Journal, Vo) XXXIX, 1937. 
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A SYSTEMATIC ACCOUNT OF THE MARINE 
PLANKTON DIATOMS OF THE MADRAS COAST 

By R Subrahmanyan, M Sc 

(From the Department o) Botany, University nf Moiras) 

Keceiv,d June 24, 194f> 

(Communicated by Prof MOP Ivtngar) 

Introduction 

Vbry little work has been done on the marine plankton Diatoms of the 
Indian coast, the only previous record being a reference to a few forms by 
Sankara Menon (1931) and a list of Diatoms collected from the Madras 
coast by Gopala Iyer, Sankara Menon and M G K Menon (1936). 
MAS Menon (1945) in a paper on the plankton of the Trivandrum coast 
has given a list of 41 Diatoms as occurring in the area As it was thought 
that a detailed illustrated systematic account of Indian marine Diatoms 
would be very useful to algologists in general and pisciculturists in particular, 
the author, at the kind suggestion of Professor MOP Iyengar, took up 
the examination of the plankton Diatoms of the Madras coast 

Most of the forms dealt with in this paper was collected by the author 
The author is very much indebted to Professor R Gopala Iyer for placing 
at his disposal samples of plankton collections from the Madras coast The 
material, as far as possible, was examined soon after collection in the living 
condition and drawings were made mostly from living specimens Drawings 
were also made from carefully prepared slides of the forms whenever neces¬ 
sary For this purpose the material was cleaned, dehydrated and mounted 
in styrax or Canada balsam 

Altogether 171 forms w «rt recorded, representing 15 families, 64 genera, 
134 species, 9 new species, 17 varieties, 4 new varieties and 7 forms 

The forms showed a good deal of resemblance to those of the Java 
Sea (Allen and Cupp, 1935) About 50% of the forms recorded in the Madras 
plankton were found in the plankton of the Java Sea also But only a 
few of the forms recorded by Karsten (1907) from the Indian Ocean were 
found m the Madras plankton Many of the forms described here have 
been recorded previously from European waters but are new records for 
this country. 

Bi 
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PART I 

Bacillariophyta (DUtomese) 

Order: Centrales 
Sub-order: Discoidbab 
Family Coscinodiscea 
Sub-family Melosinneas 
I Genus Melosira Agardh 
Submenus Faralui 

1 Melosira sulcata (Ehrenberg) Kutzmg 
(Figs. 1 and 2) 

Kutzing, Sp Alg 1849, p. 30; Pritchard, Hist , Inf , 1861, p 819, PL. IX, 
fig. 131, PI XI, fig. 26, Rabenhorst, FI Eu Alg.. 1864, pt. 1, p. 42; Van 
Heurck, Traiti des Diatomies , 1899, p 444, text-fig. 166, PI. 19, fig. 624; 
Boyer, Syn. H Am. Diat , part 1, 1926, p 25; Hustedt, Rabenhorst^ 
Krvptogamen-FI , Bd VII, Teil 1, 1930 b , p. 276, fig. 119 

Orthosira marina W Smith, Syn. Brit . Diat , Vol. II, 1856, p 59, Pi LIII, 
fig. 338 

Paralia sulcata Cleve, Diat. Artie Sea , 1873 6, p 7, De Toni, Syll 
Alg. Vol. II, 1891-94, p. 1349; Allen and Cupp, Plank Diat . Java Sea, 
1935, p. 113, fig. 1. 

Paralia sulcata (Euenberg) Gran, Nordisches Plankton , Bot. Teil, 
Bd. VIII, 1908, p. XIX 14, fig. 5; Lebour, Plankt . Diat N. Seas , 1930, 
p. 28, fig 9. 

Cells forming closely fitting, long chains, disc-shaped 11-30/* in dia* 
meter and 5-8/* m height. Valves bowl-shapid, with short mantel, at the 
base constricted Disc flat. Cell-wall strong Papilla-Uke structures at 
the border of the valve; those of the neighbouring cell fitting into the de¬ 
pression between these papUJ®, and thus helping the cells to hold together. 
Mantel with projections Ground membrane of valve mantel with rows 
of pores, pores about 18 in 10/*. Outer wall of mantel drawn into lamella- 
like teeth, Chromatophores numerous, small, disc-shaped. 

According to Grunow (<?/ Hustedt, 1930 h , p. 278) the following forms 
are distinguishable .r- 
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Parma radiate. In valve view, the middle field with a corona of slender 
ribs enclosing a small central area (Fig. 4). 

Forma coronaUt . In the valve view, the middle field with a marginal 
ring of large spots (Fig. 3). 

Distribution,— Northern seas, Arctic Ocean, Atlantic and Pacific coasts 
of America, Mediterranean Sea, Java Sea, in fossils from Greece, Sicily 
and Africa. 

II. Genus Podosira Ehrenberg 
2 Podosira Montagnei Kutzrng 
(Figs. 5, 6 and 10) 

Kutzing, Sp . Atg , 1849, p 26; W Smith, Syn Brit Diat , VoL II, 1856, 
p. 53, PI. XLIX, fig 326; Pritchard, Hist Inf , 1861, p 815, PI V, fig 61; 
Rabenhorst, Fi Eu Alg , 1864, pt. 1, p. 37, Cleve et Grunow, Arct Diat , 
1889, p 118; De Toni, Syll Alg , 1891-94, Vol II, p 1360, Boyer, Syn H 
Am Diat , part 1, 1926, p. 31; Hustedt, Rabenhor^t’s Kryptogamen-Fl , 
Bd. VII, Teil 1, 1930 b, p 281, fig 122. 

Podosira lavis Gregory, GreviUe, Descrip New sp, Diat,, 1859 a, p 85, 
PL VI, figs. 15-17. 

Melosira Montagnei Lagerstedt, Saltvattens Diat , 1876, p 9 

Cells round to cylindrical with weakly developed valve-mantel and 
convex disc, 26-41 p in diameter. Cell-wall areolated, areobe m pervabr 
as well as in two series crossing one another, 20-24 in 10/* In valve view, 
on the disc the areola? in regular bundles parallel radial series and in 
irregular exccntric series crossing one another Centre of the disc not 
differentiated, umbilicus absent. Auxospores observed occasionally. 

Distribution —Littoral regions of Europe, the Caspian Sea and the 
Atlantic Ocean. 

III. Genus Pyxidicuia Ehrenberg 
3. Pyxidicuia minuta Grunow 
(Fig. 11) 

Da Tom, Syll. Alg, Vol. II, 1891-94, p. 1148; Hustedt, Rabenhorst’s 
Kryptogamm-n., Bd. VII, Teil 1, 1930 b, p. 301, fig. 139. 

Cells very small, 1 if* m diameter. Areolae on disc arranged in two 
linear system crossing one another, about 9 in 10/,. 

Distribution.— Franz Josefs Land. 
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IV Genus Stephanopyxis Ehrenberg 
4. Stephanopyxis turris (Grev. et Arn.) Ralfs 
(Fig, 16) 

Pritchard, Hist Inf, 1861, p. 304, PL V, fig 74, Castracane, Dial, 
ChaU, 1873’76. p. 88; De Torn, Syll, Alg , Vol II, 1891-94, p 1138; Van 
Heurck, Traiti des DiatomSes, 1899, p 434; Gran, Nordisches Plank , Bat 
Tell, Bd VIII, 1908, p XIX 14, fig 6, Boyer, Syn N Am Diat, part I, 1926, 
p 35; Labour, Plank Diat N Seas, 1930, p. 73, fig 46; Hustdet, Rabcn* 
horst’s Kryptogamen-Fl , Bd VII, Teil 1, 1930, p 304, fig 140 

Cresswelha turgida Greville. Dial Cal Guano, 1859 6, p 165, Pi. VIH, 
fig 14 [Stephanopyxis turgida (Grev ) Ralfs, Pritchard, Hist Inf, 1861, 

p 826] 

Cells cylindrical, with arched end faces, about 51 /* in diameter. 
Areolae about 4-6 in 10/*, all of about the same size. A number of processes 
arranged in a circle at the ends of the valves, those of the neighbouring cell 
ouching these and forming a chain 

Distribution —Pelagic in the European seas, Atlantic and Pacific coasts 
of America; in the guano deposits of Peru 

5 Stephanopyxis Palmertana (Greville) Grunow. 

(Figs 12-14, 17, 18 and 20) 

De Tom, Syll Alg, Vol II, 1891-94, p 1141, Lebour, Plank, Diat 
N Seas , 1930, p 74, fig 47; Hustedt, Rabenhorst's Kryptogamen*FI„ 
Bd. VIE Teil 1, 1930, p 308, fig, 14^, A'len and Cupp, Plank Diat Java. 
Sea , 1935, p 113, figs 2, 2a, 2b 

Creswellia Palmenana Greville, Descrip New and Rare Diat,, Ser. Xiv, 
1865a, p 2. Pi I, fig 9; 

Stephanopyxis campana Castracane, Diat ChaU Expedn , 1876, p. 88, 
PI XIX. fig 14 

Cilia cylindrical with slightly convex valves, number of cells joined 
together by their spines to form chains, diameter 53-112/*. Areola at the 
base of valve-mantel small, 7 in 10/*; towards the disc increase in size, 
4 in 10/* and in the centre of the disc very large and hardly visible. Spines 
numerous, arranged in a ring and enlarged at the base. 

Resting spores with very thick walls were very common During 
their formation, the mother-cell divides into two. Instead of normal valves' 
being secreted, the new valves that are formed are very thick wailed, strongly 
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sculptured and more convex than the normal valves. They possess fewer 
spines* After the formation of this wall, the cytoplasm contracts from the 
other side, i,e., the side towards one of the parent valves, and a similar 
thick-walled valve is formed. The spore in its mature condition is lens¬ 
shaped, shows a large number of chromatophores and a nucleus, and 
stains very densely 

Distribution —Almost absent in Northern Europe, but sparsely distri¬ 
buted m the Southern European coast, abundant in the warmer seas, Hong 
Kong, Java, Australia 

Sub-family Sceletoneminea; 

V Genus Sceletonema Greville 
6 Sceletonema costatum (Greville) Clevc 
(Figs. 7, 8 and 9) 

Cleve, Diat West Ind Arch , 1878, p 18; Van Heurck, Traite des 
Diatomies, 1899, p 437, PI XXXTTI, fig 889 ard 890, Gran Kord Plank . 
Bot. Teit, Bd 8, 1908, p XfX 15, fig 7 , Boyer, Syn N Am Diat , 1926, 
p. 63; Lebour, Plank Diat N Seas , 1930, Hustedt, Rabenhorst's Kr\pto- 
gamen-Fl ,, Bd. V1T, Teit 1, p 311, fig 149; Allen and Cupp, Plank Diat , 
Java Sea, 1930, p 113, fig 3 

Metosira costata Greville, Descrip New and Rare Diat t 1866, Scr xix, 
p, 77, PI. VIII, figs 3-6. 

Frustules weakly silicified, lens shaped with rounded ends formirg long 
slender straight chains with the aid of marginal spines which run parallel to 
the axis of the chain Space between the cells longer than the cells Chro- 
matophorcs two plates which are at times dissected No visible structure 
on the valve Diameter of cells 10-15/* Auxospores were observed 

Distribution —One of the commonest pelagic marine diatom, rentic, 
occurring m quantities Found in the Arctics as well as in the Tropics, 

VI Genus Thalamosira Clevc 
7. Thalassiostra deciptens (Grunow) Jbrgenson 
(Fig 19) 

Hustedt, Rabenhorst’s Kryptogamcn-Fi, 1864, Bd VII, Teil l, p 322. 
fig. 168. 

Cosclnodiscus deciptens Grunow, Van Heurck, Traiti des Diatomies, 
tm, p 532, PI XXXIV, fig. 905 
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Montagnei Kittling. X 710, Fig* 7*9, Sceletonema costal um (Greville) Clevc Fig 7, x 350; 
8, x 710; 9, tuxospore, x 710 Fig 10. Podosira Montaguel Ktitzmg Auxoepore x 710* 
Fig. 11. PyxUUcuta mlnuta Grunow x 930 Figs 12-14 Stephanopyxis Palmertana (Greville) 
Grunow. Figs 12 and 13 Stages m resting spore formation x215 Fig 14 A chain of Tour 
vegetative edit. xl38 Fig 15 Thallassiosira cvramandetina *p nov x220 Fig 16 Stephano- 
pyxis turrls (Greville et Am) Ralfs x 460 Figs 17-18 Stephanopyxis Palmertana (Greville) 
Gnmow. Sculpturing on the valve Fig 17, Valve view x 460, 18, Girdle view x 710 
Fig. 19 Thallasstosira declpiens (Grunow) Jorgenson Valve view x930 Fig 20 Stephana* 
pyxis Palmeriana (Greville) Grunow Resting spore < 460 

Cells disc-shaped, diameter 16 p Valves flat with mmute spines along 
the border. Valve arcolated, areolae in three or more systems, their size 
becoming smaller towards the border In the centre, about 12 in 10p and 
towards the border, 15 in 10^. 

Distribution.— In the coastal plankton of the whole of Europe, prepon¬ 
derating in the North, recorded also in the Mediterranean, the Aral Sea 
and the Caspian Sea. 

8. Thaiassiosira coramandehana sp nov 
(Fig. 15) 

Cells disc-shaped, connected by a thin mucilage strand and forming 
chains of 4 to 8 or rarely more. Valves convex, about 40ft in diameter; 
very weakly silicified Structure on valve not visible in water mounts, the 
cells break down when treated for balsam or styrax mounts 

This form resembles T. Nordenskioldu (Cleve, 1873 b, p 7, PI I, fig 1; 
Hustedt, 1930 h. p 321, fig 157) and T. decipiens (Hustedt, 1930 b, p 322* 
fig. 158) in habit But the valve in the present form is convex unlike in the 
above forms where it is flat. The cells resemble those of T subtdis (c/. 
Hustedt, 1930 b, p. 330, fig. 166), but differ in their habit T. subtiUs forms 
colonies by the cells being embedded m a common mucilage, whereas in 
the present form the cells are connected by a mucilage strand as in the 
first two forms 

Distribution .—Plankton of the Madras coast 

9 Thaiassiosira subtiln (Os tenfeld) Gran 
(Figs 21, 22 and 23) 

Gran, Nord . Plank , Bot. Ted , Bd. VIII, p. XIX 19, fig, 14; Hustedt, 
Rabenhorst’s Kryptoganten-Fl Bd. VII, Teil l, 1930, p. 330, fig. 166. 

Cells disc-shaped, forming a colony enclosed in mucilage, diameter 
36-5/*. Valves weakly silicified, structure not visible. Chromatophores 
numerous* disc-shaped. 

Distribution .—North Atlantic. 
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Sub-family Coscinodiscme* 

VII Genus Cyololeita Kutzing 

/ 

10. Cyclotella Meneghimana Kutzing 
(Figs 25, 26 ard 27) 

Kutzing, Sp Alg , 1849, p. 19, Rabenhorst, Ft, Eu Alg . 1864, pt, 1, 
p 33; Dc Torn, Syll Alg, Vol XI, 1891-94, p 1354, Van Heurck, Traiti des 
Diatomies, 1899, p 447, PI XXII, fig 656; Boyer, Syn V Am, Diat , 1926, 
p 38, Huitcdt, Pascher’s Susswasser-FI, 1930 a, Heft 10, p 100, fig 67; 
Rabenhorsfs Kryptogamen-FI . Bd VII, TcjI 1, 1930, p 341, fig 174; 
Venkataraman, S I Diat, 1939, p 299, figs 11, 14, Iyengar and Subrah* 
manyan, Fossil Diat , 1943, p 226, figs 1-2 

Cvclotella rectangula Bribisson, Pritchard, Hist Inf , 1861, p 811 and 
938, Pi V, fig 54 

Distribution - Littoral form, coast of entire Europe; occurs in water 
of all concentrations,—fresh, brackish, and marine Recorded from N. 
America, India, fossils from Germany, Lower Austria. Italy, Moravia, 
Sumatra, Karewa Beds of Kashmir in India. 

11 Cyclotella striata (Kutzmg) Grunow 
(Fig. 31) 

Cleve and Grunow, Arctic Diat, 1880, (2), p 119; De Tom, Syll, Alg , 
Vol II, 1891-94, p 1352, Van Heurck, Traiti des Diatomies, 1899, p 444, 
PI XXII, fig 651, Boyer, Syn. N Am Diat,, 1926, p 37, Hustedt, Raben* 
horst’s Kryptogamen-Fl , Bd VII, Ted, I, 1930, p 344, fig 176 

Cyclotella Dallassiana W Smith, Syn Brit Diat , Vol II, 1856, p 87; 
Rabenhorst, FI Eu Alg , 1864, p 33. 

Cyclotella stylorum Bright well, Rarer and Unde suit Sp, Diat, Part 2, 
1860, p 96, Pi VT, fig 16 

Cyclotella radiata Brightwell, Rarer and Undescrib Sp Diat , Part 2, 
I860, Pi VI, fig II 

Cyclotella smensis Ralfs, Pritchard’s Hist Infusoria , 1861, p 812, 
PI XV, fig 4. 

Cells disc-shaped, 16 • 5—35 5 p in diameter. Valves with more or less 
broad evenly striated border, striae 10-12 in 10p. Central portion with 
pfiexes and coarsely punctate. 

Distribution,— Littoral form in the European coast; estuaries along the 
Atlantic coast. 
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V1TI Genus Cosctnodiscus Ehrenberg 
Section Ltneatt 

12 Cosctnodiscus excentricus Ehrenberg 
(f igs 29 and 30) 

W Smith, Syn Brit, Diat t Vol I 1853, P 23, PI III, fig 38, Rattray, 
Revis Cosctnodiscus, 1888-89, p 461, DeToni, Syli Aft? , Vo' II, 1891-94, 
p. 1210, Van Heurck, Traiti des Diatomies, 1899, p 531 PI XXHl fig 666, 
G-an, Hard Plank , Bat Ted, Bd VUI, 1908, p XIX 29, fig 29, Boyer, 
Syn N Am Diat, 1926, p 43, Lebour, Plank Diat l V Seas, 1930, p, 36, 
fig. 13, Hustedt, Rabenhorst Kryptogamen-FI, Bd VII, Teil 1, 1930, p 388, 
fig 201, Allen and Cupp, PUmk, Diat Java Sea , 1935, p 114, fig 5 

Cosctnodiscus labvrmthus Roper, Brit Mar Diat 1858, p 21, PI III, 
fig 2 

Cells disc-shaped, valves fiat in the centre, slightly drawn m with spinul® 
at the margin, diameter 36 103 p Cells hyaline, not coloured in dry prepa¬ 
rations Sculpture hexagonal, areola arranged in tangential series, areola 
almost all of same size, 6 in JOp, at the edge, about 9 in 10p Margin 
striated Girdle also areola to, areola very fine and arranged regularly 
Valve margin striated, stria 18 20 in 10/4 Girdle areolatc-punetate, puncf® 
in regular rows. 18 m 10p 

Cosctnodiscus excentncus Ehrenberg var fasctculata Hustedt 

Hustedt, Rabenhorst\ Kryptogamen-Fl Bd VIT, Teil 1, 1930, p 390, 
fig 202, 

(Eigs 32 and 38) 

C subUlis Ehrenberg, De Tom, Svll Afg . Vol TT, 1891-94, p 1232; 
Van Heurck, Traiti des Diatomees, \ 899, p 527, Boyer. Syn N Am Diat , 
1926, p 50, Allen and Cupp, Plank Diat Java Sea, 1935, p. 121, fig 18. 

Cells disc-shaped, diameter 38-76/* Valve areolated, areola in several 
tangential scries, and. because of this, appearing as though in radial bur dies 
Number of areolae at the centre 9 in 10p and at the border 12m 10/i 

Distribution —Both the type and the variety are met with in the 
plankton of most seas, frequent Europe, the Atlantic and the Pacific 
coasts of America, Java, Miocene deposits 

13. Cosctnodiscus Uneatus Ehrenberg 
(Figs, 24 and 28) 

Rattray, Revis, Cosctnodiscus, 1888-89, p 472, De Toni, $>//, Alg f 
Vol. II, 1891-94, p, 1216, Boyer, Syn iV. Am . Diat , 1926, p. 44; Lebour, 
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gfdniana Kfttzirig, x 930. Figs 25 and 27, valve view, 26, Girdle view Fig 28 Coscino- 
<lt9cui finealus Ehrenberg x 930 Figs 29-30 C cxcentricus Ehrenberg x 930 Fig 29, 
Girdle view, Fig. 30, valve view. Fig 31 Cyclotelta striata (KQtzmg) Grunow x730 Fig 32, 
Coxinodbcus exccntricus var fasciculaia Hustedt x 930 Fig 33 Coscinodiscus Grant! 
Gough. Girdle view, x 220 Fig. 34 C xuh-lineatus Grunow x 930 Fig 35 C Grantt 
Gough. Margin of the valve <710 Fig 36 C Rothh (Ehrenberg) Grunow var subsalsa 
(Juhliin-Dannfcldt) Hustedt x 770 Girdle view Fig 37 C Grantt var aralensis (Osterfeld) 
Hustedt x 460 Fig 38 C excentrtcus var fuic'uulata Hustedt <710 Fig 39 C Grantt 
Gough. Rosette x710 Fig 40 C Rothtivar subsalsa (Juhlhn-Dannfeldt) Hustedt x770 

Plank Diat . N Seas , 1930, p. 37, fig, 14, Hustedt, Rabenhorst’s Krypto- 
gamen-Fl , Bd VII, Teil 1, 1930 6, p. 392, fig 204, Allen and Cupp, Plank 
Diat . Java Sea , 1935, p. 115, fig. 6 

Cells disc-shaped with almost fiat or slightly concave or convex valves, 
diameter 56/i. Valve surface areolated, areol© of almost the same size, 
6 in 10ft, but very near the rim 9 in 10/* Areoias arranged in straight line 
systems. Chamber openings clear Valve margin striated, stn« 12 in 10ft, 

Distribution —In all the seas, neritic and oceanic. Europe, Campechi 
Bay, Florida, Vera Cruz, the Pacific coast of America, and Java, A common 
form in all fossils (cf Dc Tom, 1891-94, p 1216-17). 

14 Coscinodiscus sub-lineatus Grunow 
(Fig 34) 

Rattray, Revts Coscinodiscus , 1888-89, p. 474; De Tom, Syll Alg 
Vol. 11 ., 1891-94, p. 1217; Boyer, Syn N Am, Diat , 1926, p. 44; Hustedt, 
Rabenhorst’s Kryptogamen-Fl , Bd. VII, Teil 1, 1930 6, p 394, fig 205 

Valves with straight tangential series of hexagonal areoleae Diameter 
of cell about 23 /a Arcol© 9 in 10/* and 12 in 10/* near the margin 

Distribution. —So far known only from Franz Josef’s Land, White Sea 
and Behring Sea. 

Section Fasciculati 

15 Coscinodtseus Rothti (Ehrenberg) Grunow, 
var subsalsa (Juhllin-Dannfelt) Hustedt 
(Figs. 36 and 40) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd VII, Teil 1, 19306, p 402, 

fig. 212. 

Coscinodiscus subsalsus Juhhn-Dannfelt, Rattray, Revis, Coscinodiscus, 
1888-89, p. 593; Dc Tom, Syll . Alg , Vol II, 1891-94, p. 1298. 

Coscinodiscus subtilis var, Rothu (Grunow), Van Heurck, Traiti de$ 
Diatomies, 1899, p* 533* 
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Cells small, diameter 29-53/1. Valve areolated, areol® 10 in 10/*, 
arranged more or less m bundles, but not very clear Marginal spines 
present. Margin broad. Cells dark under the microscope 

Tms form slightly differs from the type. The valve views are very 
similar In girdle view, the valves are convex at the centre and slightly 
concave towards the border The difference does not appear to be 
sufficient enough to separate this from the type 

Distribution —Common in brackish water ard river mouths 
Section Radiali 

16 Cosctnodiscus marginatus Ehrenberg 
(Fig 41) 

Rattray, Revis Cosctnodiscus 1888-89, p 509, De Tom, Syll Alg, 
Voi IT. 1891 -94, p. 1241; Van Heurtk, Traiti des Diatomies, 1899. p 527, 
Gran, tford Plank , Bot Teil , Bd VITT, 1908, p XIX 35, fig 36, Boyer. 
Syn V Am Diat , 1926, p 54, Hustedt, Rabenhorst's Kryptogamen-Fl , 
Bd VII, Teil I, 1930 b. p 416. fig 223, Allen and Cupp, Plank Diat Java 
Sea, 1935. p 115. fig 7 

Cells almost flat, black in colour Wives strongly stlicificd and very 
striking, diameter 46-135 ji, areolated. areol® large more or less of the same 
size about 3 in 10/t but very near the edge 5 in 10/*. No central area or 
rosette Inner chamber openings clear Border of valve heavily striated 

Distribution —In all the seas Also occurs in the Post*mioccne of the 
Atlantic States and several other deposits (cf De Tom, 1891-94, p 1242). 

17 Cosctnodiscus Granii Gough 
(Figs 33, 35 ard 39) 

Gran, Nord Plank , Bot Ted, Bd VIII, 1908, p XIX 34, fig. 35, Lebour, 
Plank Diat N Seas, 1930, p 44, fig 20, Hustedt, Rabenhorst’s Kryptogamen- 
Fl, Bd VII, Teil 1, 1930 6, p 436, fig 237, Venkataraman, S L Diat , 
1939, p 300. fig 16 and 17 

Valves rounded, diameter 153-182 /*, areolated Middle areol® larger 
than the rest forming a sort of rosette. Areol® around rosette 4 m 10/*. 
Chamber openings clear Covering membrane poroid Two asymmetrical 
pore canals at the margin. Cell in the girdle view wedge-shaped owing to 
the highest point of the valve being excentrtcally placed 
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Coscinodiscus Grattii Gough var aralensis (Ostcnf) Hustedt 
(Fig. 37) 

Differs from the type in having larger areolations 

Distribution —Frequent in autumn and winter in the region of South 
North Sea The variety seen in the Aral Sea and Caspian Sea Type also 
recorded from brackish water m Madras 

18 Coscinodiscus Jonestamts (Grevtlle) Ostenfeld 
(Figs 42, 45 and 48) 

Hustedt, Rabenhorst’s Krvptogatmn-Fl, Bd VII, Teil 1, 1930 6, p 438, 
fig 239 * Allen and Cupp, Flank Diat Java Sea, 1935, p 116, fig 10 

Evpjdiscus Jon a sianus Greville, Descrip Mew and Rare Diat 1862, 
Ser V, p 22, P, IT, fig 3, 

Coscinodiscus concinnus var, Jonesuina Rattray, Revis Coscinodiscus , 
1888-89, p 532, DeTom, Syll Aly , Vol IT. 1891-94. p 1257, Boyer, Syn 
N, Am Dial , 1926, p 55 

Coscinodiscus radiatus var Jonesiana Van Heurck, Trade dcs Diatomtes, 
1899, p 531 

Cells large, diameter 140-210 /* Areolar in the centre forming a rosette, 
4 in 10/*; further outside about 9 in 10/* Radial rows and spiral rows of 
greohe clear and so also the chamber openings Interstitial me$he«, possibly 
spmula, fonning an irregular ring between the centre ard the margin 
Hyaline radial nbs running to the centre from small spinulse inside the 
margin Two large cone-shaped processes present near the margin about 
120° apart 

Coscinodiscus Jonesianus (Greville) Ostenfeld 
var, commutata (Grun ) Hustedt 
(Figs. 43, 46 and 47) 

Differs from the type in the somewhat larger areolation, rosette not 
very clearly differentiated Iiterstitial meshes present, but do not form 

regular ring. 

Distribution —Purely marine, confined to the warmer seas; probably 
oecurs in the Mediterranean Variety frequently in the region of South 
North Sea, East Sea ard Caspian Sea 
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19 Coscinodiscus concmnu s W Smith 
(Figs 44, 50, 53, 54 and 56) 

W Smith, Syn Brit Diat , Vol. II, 1856, p 85; Roper, Notes on Brit. 
Afar Diat,, 1858, PI in, fig. 12; Pritchard, Hist inf, 1861, p. 828, PI V, 
fig 89, Rattray, Revis Coscinodiscus , 1888-89, p 531, Da Toni, Syll A/g., 
Vol II, 1891-94, p 1256; Gran, Nord Plant, Bot Tetl, Bd. VIII, 1908, 
p XIX 33, fig 34; Boyer, Syn N Am Diat , 1926, p 55, Lebour, Plank 
Dutt N Seas , 1930, p. 43, fig 19, Hustedt, Rabenhorst’s Kryptogamen-Fl., 
Bd vm, Teil 1, 1930 b, p. 441, figs 241 and 242 

Coscinodiscus papuanus Castracane, Diat Chall , 1876, p. 154, Pl. III, 
fig. 3 

Coscinodiscus nobihs Grunow, Allen and Cupp, Plank Dias Java Seas , 
1935, p. 113, fig 13 

Cells large, drum-shaped with slightly convex valves, thin walled and 
hyaline, diameter 210- 420 /* Areolation slender with a well differentiated 
rosette of large meshes. Surrounding areol® suddenly becoming smaller 
about 9-12 in 10/* at the centre and 12 in 10/* near the margin. Chamber 
openings indistinct Radial and secondary series regular Hyaline ribs 
running to the centre from distinct spurn!® near the margin. Interstitial 
meshes existing here and there Two small asymmetrical processes clearly 
seen at an angle of about 120° apart 

Balsam preparations arc colourless and hence the structure could not 
be made out in these Therefore, the material was mounted in styrax 

Distribution —Marine, pelagic. Entire northern region of Europe, Java 
Sea, Vancouver, and Peruvian guano 

20 Coscinodiscus centralis Ehrenberg 
(Figs 49, 55, 58 and 59) 

Rattray, Revis, Coscinodiscus, 1888-89, p. 555, De Tom, Syll, Alg„ 
Vol H, 1891-94, p 1272, Van Heurck, Traiti des Diatomles, 1899, p 527; 
Gran, Nord . Plank , Bot Teil , Bd. VIII, 1908, p XIX 33, fig 33; Boyer, 
Syn. N Am Diat, 1926, p 56; Lebour, Plank Diat. N Seas, 1930, p. 39, 
figs 16 a, 17 b , 18 6, Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd Ml, Teil 1, 
1930 b t p 444, fig 243 

Coscinodiscus centralis var. Castracane, Diat. Chall,, 1876, p. 155, 

p. n, fig. 3. 
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Cells disc-shaped, valves convex. Diameter 196/*, Valve areolated with 
a clear rosette. In the middle part almost of same size 3 in 10/*, but farther 
out 6 in 10/* and at the margin 8 in 10/*, Chamber openings clear Both 
radial and secondary spiral systems of areola present. Small spinul© m 
a ring behind the margin of the valve, 1 to 2 in 10/*. Two small asymmetrical 
processes present. Valve edge nanow and striated. 

Distribution.— Whole of North Atlantic region. In the Gulf Stream 
region during winter. In the Oran deposits, Algeria. 

21. Cosctnodiscus perforatus var Pavillardi (Forti) Hustedt 
(Figs 52, 57 and 61) 

Hustedt, Rabcnhorst’s Krvptogamen-Fl, 3d VII, Tetl, 1, 1930,6 p 447, 
fig 247 

Cells disc-shaped with slightly convex valves, diameter 145-170 /* 
Valves largely areolated with a central rosette Areolae around the rosette 
3-5 in 10/*, towards the margin 3-4 m 10/* Both radial and secondary 
systems of areolation present Interstitial meshes few and not presert before 
all radii. Valve margin striated, striae 6 in 10/* Two asymmetrical pro¬ 
cesses present, but not very clear 

Distribution So far recorded only from the Mediterranean 
22 Cosctnodiscus apiculatus Ehrenberg 
(Figs 51 and 60) 

Rattray, Revis Cosctnodiscus, 1888-89, p 570, De Toni, Sytf Aig , 
Vol. It, 1891-94, p. 1282; Hustedt, Rabenhorst’s Krvptogamen-Fl, Bd VIT, 
Tell 1, 1930 6, p. 449, fig 248 

Cells disc-shaped, valves flat, diameter 217/*, Central area small with 
a rosette. Areolation large, areolae of almost same size 4 in 10/* around 
the rosette and 3 in 10/* near the margin Chamber openings clear Radial 
and secondary spiral senes present Valve margin small, striated, stn» 
6 in 10/*. Two small indistinct asymmetneal processes present 

Distribution —In all the seas and in several deposits (cj De Toni, 
1891-94) 

23 Cosctnodiscus Asteromphalus Ehrenberg 
(Figs. 62-65) 

Rattray, Revis. Cosctnodiscus, 1888-89, p. 549; De Toni, Syli Alg, 
Vol, H, 1891-94, p. 1268, Van Heurck, Traiti de$ Diatomies, 1899, p 530, 
fig. 277; Boyer, Syn, 67. Am. Diat., 1926, p, 56; Hustedt, Rabenhorst’a 
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Text-F los 41-61—Fig 41 C osctnodtscus marglnatus Fhrcnberg x710 Fig 42 C Jonesla, 
hhs (Grevilte) Ostenfeld X710 Fig 43 C Jonesianus var comtnutata Hustedl x220* 
Fig 44 C conannus W Smith a 53 Fig 45 C Jonesianus (Grevilte) OstenfeJd, rosette* 
X 930 Figs 46-47 C Jonesianus var commutata Hustedt x 930 Fig 46 t rosette; 
47. Margin with process Fig 48 C Jonesianus (Grevilte) Os tenfold Schematic represent*- 



Mating Plankton biatom of the Madras Coast lfli 

tiofl of itructurt. x 710. Fig 49. C centralis Ehrenbcrg, rosette, x 930. Fig. 50. 
C. conehmus W, Smith, rosette, x 930 Fig. 5! C aptculatus Hhreoberg, rosette, x 710. 
Fig. 32 C. perforatus var Pavitfordii (Forti) Hustedt, rosette x71Q Figs. 53-54 C. conchvuis 
W. Smith. Fig 53, structure inside the margin, x93Q, 54, margin, x930 Fig 55. C. centralis 
Hhreoberg, structure of valve, away from the centre Fig. 36 C conclmut* W, Smith, margin 
with process. x930 Fig 57 C perforate var Pavillardil (Forti) Hustedt x590. Figs 58-59 
C. centralis Ehrenbcrg. Margin of the valve. x930 Fig 60 C aptculatus Ehraeberg x460. 
Fig. 61. C. perforate var Pavillardii (Forti) Hustedt Margin x710 

Kryptogamen-Fl , Bd VII, Teil 1, 1930 b, p 452, fig 250; Allen and Cupp, 
Plank , Diat Java Sea, 1935, p. 119, fig 14 

Cells disc-shaped, valves depressed m the middle, diameter 200-210/*, 
Valve areolated, areolae in radial rows. A large rosette in the centre with 
or without a clear area at its centre Areol® polygonal, almost all of same 
size, 3 to 4 in 10/* At the margin slightly smaller. Chamber openings 
clear. Outer membrane clearly punctate, punct® 25 in 10 /*. Asymme¬ 
trical processes small. Margin striated, stn® 7 in 10 /* 

In some specimens there appeared a disturbance of the rosette (Figs. 
64*65) 

Distribution.—-In all seas, not a rare form Also in several Miocene 
deposits. 


24 Coscinodiscus oculusdridis Ehrenberg 
(Figs 66-68 and 72) 

Rattray, Revis Coscinodiscus, 1888-89, p 559; De Toni, SylL Alg . 
Vol n, 1891-94, p 1275; Boyer, Syn, N Am Diat, 1926, p 57, Hustedt, 
Rabenhorst’s Kryptogamen-Fl, Bd VII, Tcil 1, 1930 b, p 454, fig. 252; 
Allen and Cupp, Plank . Diat > Java Sea, 1935, p. 119, fig. 15. 

Cells disc-shaped, large, dark coloured and striking, diameter 16(M7G/*. 
Areolation large with a central rosette which sometimes shows a small area. 
Areol® increase in size slightly towards the margin 3 in 10#* around the 
rosette, 24 in 10/* still farther out and at the margin smaller, being 4-5 m 
10/*. Inner chamber openings clear. Radial and secondary spiral series 
well expressed. Margin small, radially striated, stn® 6 in 10/*. Two 
assymmetrical pore canals seen on careful examination. 

Distribution ,—In the marine plankton of all seas Also recorded in 
fossils. 
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var. pmtocta (Janitch) Hustodt Structure away from the centre x 710 Fig*. 70-71 
C Jat&cMU A, Sdimkit, central are« x7]0 Fig 72. C oadwt-lrUlis Ehrenberg x460 Fig. 73. 
C. gtgm Chienberg var. prxtexta (Janiech) Huetedt x710 Few areol* near the centre. 
Fig. 74. C. Jantschii A Schmidt, margin x 710, Fig 75 C oculus-irUHs Ehrenberg var 
borealis (paltry) Cfeve. X 710. Figs 76-78. C gtgas Ehrenberg var pretext* (Jwtiich) Hurtedt 
Fig. 76. central area x 710; 77, cell under low power, x 53; and 78, margin of the valve, x710 

Coscmodiscus oculus-iridis Ehrenberg 
var borealis (Bailey) Cleve 
(Fig 751 

Rattray* Re vis. Coscmodiscus. 1888-89, p 558; Hustedt, Rabenhorst’i 
Kryptogamen-Fl . Bd. VII, Teil 1, 1930 b, p 456, fig 253 

Coscinodiscus borealis Bailey, Notice Micr. Forms, 1856, p 3; De Tom, 
Sylt Atg , Voi II, 1891-94, p. 1274 

Differs from the type in having robust valves, larger areo)», 3 in 
10#* around the rosette and 2 to 2\ in 10 #* near the margin. Diameter of 
valve 85#* 

Distribution —Type in the marine plankton of all the seas; also re¬ 
corded in fossils. In the northern seas, in the southern regions rare 
fCamtschalka Sea, Behring Sea. Hong Kong. Also from some fossil 
deposits. 

25 Coscinodiscus gigas Ehrenberg 
var. pratexta (Jamsh) Hustedt 
(Figs 69, 73 and 76-78) 

Hustedt, Rabenhorst’s Kryptogamen-Fl ., Bd. VII, Teii 1, 1930b, p. 457, 
fig. 25S and 256 b; Allen and Cupp, Plank Diat . Java Sea , 1935, p. 120, 
figs. 16, 16 a, 16 b 

Cells disc-shaped, valves flat. Diameter 476-532#*. Central area 
large. Areol# very near the margin about 5 in 10#*; then become large 
2 in 10#*, forming a dark broad band. Towards the centre more delicate 
and hyaline, about 3 in 10#* and rounded Chamber openings distinct 
only near the periphery of the valve. Outer membrane in the marginal 
region punctate. Ar*oIas arranged in radial and spiral systems. Two 
small asymmetrical processes at an angle of 120° present on the valve. 

DbffAiifftw.--Pelagic, widely distributed m the southern seas, Medi¬ 
terranean Sea. Type found in fossils also. 
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26. Cosclnodiscus Janbchif A. Schmidt 
(Figs 70, 71 and 74) 

Rattray, Re vis. Cosclnodiscus, 1888-89, p. 543; De Tom, Svll. Alg 
Vo!. II, 1891-94, p. 1264; Hustedt, Rabenhorst’s Kryptogamen-FL, Bd. VII, 
Tcil 1,1930 b, p 459, fig 257, Allen and Cupp, Plank . Diat . Java Sea, 1935, 
p. 120, fig 17. 

Cells disc-shaped, with almost flat valves, which are slightly concave 
m the centre, diameter 210ft. Central area small. Areolw on a small 
marginal zone well marked and in the remaining slender, almost of same size 
4 in 10 /a; but at the margin 1\ m 10ft. Chamber openings clear Valve 
margin small, striated Two pore canals placed asymmetrically, not very 

clev* 

Distribution —Only m warm regions In Europe only m the Medi¬ 
terranean 

IX Genus Planktoniella Schutt 
27 Planktoniella Sol (Wallich) Schutt 
(Figs. 79, 80 and 83) 

Rattray, Revis. Coscmodiscus, 1888-89, p. 466, Van Heurck, Trattides 
DiatomSes, 1899, p, 534, fig 280, Kirsten, Valdivian Expedn 1907, p. 514, 
PI. XXXIX, figs, 1-11; Gran, Nord Plank , Bot , Tell, Bd. Vltt, 1908, p XrX 
44, fig 48, Lebour , Plank Diat H Seas, 1930, p 50, PI I, fig 5; Hustedt, 
Rabenhorst’s Kryptogamen-Fl Bd VH, Teil l, 1930 6, p. 465, fig. 259; 
Allen J^nd Cupp, Plank Diat Java Sea, 1935, p 121, fig. 19 

Coscmodiscus Sol Wathch, Siliceous Organisms , 1860, p. 38, figs, 1 and 
2; DeTom,S>’/I Alg., Vol D, 1891-94, p 1212 

Planktoniella Woltereckii Schimper, Karsten, Valdivian Expedn , 1907, 
p. 157, Taf, XXVII, fig. 3. 

Cells disc-shaped with flat valves, diameter 67-71/* Valve surface 
areolated, areolse exactly arranged as those of Coscinodiscus excentricus. 
Areolse 12 in 10/* Wing-like expansion all round the cell, weakly silicified 
and with radial rays 

Fig 80 shows a specimen of this genus with valves identical with that 
of the type described here but differing in the nature of the wing. Karsten 
(1907, PI XXXIX, fig 2) includes forms such as these under this species 
and says that they are developmental stages. Only one specimen wap 
seen by the writer. 
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Distribution .—Widely distributed in the plankton of the wanner seas. 
In Europe only in the Mediterranean region. 

Family Acfinodisce® 

Sub-family Actmoptychineae 
X Genus Actinoptychus Ehrenberg 
28 Actinoptychus undufatus (Bailey) Ralfs 
(Fig. 82) 

Pritchard's Hist Infusoria, 1861, p 839, PI V, fig 88; De Tom. SylL 
Alg., Vol. II, 1891-94, p 1372; Van Heurck, Traiti des Diatomies , 1899, 
p. 496, Pi. XXII, fig. 648 and text-fig 232, Gran, Nord Flank„ Bot Teil , 
Bd, vm, 1908, p XIX 42, fig 46; Boyer, Syn N. Am . Dial , 1926, p. 64; 
Lebour t Plank Diat N Seas , 1930, p 51, fig 27; Hustcdt, Rabenhorst’s 
Kryptogamen-Fl, Bd VII, Teil l, 1930 b, p. 475, fig 264, Allen and Cupp, 
Plank Diat. Java Sea, 1935, p 121, fig 20 

Actmocyclus undulatus Bailey, Sketch of infusoria , etc , 1842, PI 11. 
fig. 11; Kiitzing, Sp Alg , 1849, p 127, W Smith, Syn Brit Diat , Vol I, 
1853, p. 25, PI. V, fig 43 

Cells disc-shaped with undulating valves, diameter 34-53 /* Valve 
with six sectors of the same size Central aria hexogonal. The raised 
sectors possess a short blunt process in the middle near the margin; the 
surface strongly areolated and punctate; arcoj© 6 in 10/*, more or less 
regular; punctae in radial and in oblique rows, 12 in 10/* Depressed 
sectors without process; axed* not so prominent; instead a weakly 
differentiated net-work of lines Punctate. 

Distribution. —In the coastal region of all seas In the Mediterranean 
slightly more frequent than N Europe. Java seas Atlantic and Pacific 
coasts of America Miocene deposits of the eastern states. 

Sub-family Asterolampruie© 

XI. Genus Asteromphalus Ehrenberg 
29. Asteromphalus flabellatus (Brebisson) Greviile 
(Figs. 81 and 85) 

Greviile, Diet. Cal. Guano , 1859b, p. 160, PI. VII, fig. 4, 5; De Toni, 
SyU, Alg Vol. n, 1891-94, p. 1414, Van Hcurck, Traiti des Diatomies, 
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1899, p. 504; Boyer, Syn N. Am . Diat., 1926, p. 74; Hustedt, Rabenhorst** 
Kryptogamen-FL, Bd VII, Teil 1, 19306, p. 498, fig 279; Allen and Cupp, 
Plank. Dial Java Sea, 1935, p 123, fig 22 

Asterolampra flabellata Greviile, Mon. Genus Asterolampra , etc,, 1860, 
p. 116. 

Cells slightly convex. Valves ovate, long axis 38—61 short axis 32-54f*. 
Middle field excentric. Sector lines of middle are unbranched. Hyaline 
rays 7 to 8, 1 5u wide; oie slightly narrower, reaching margin of the valve* 
Rays slightly curved. Border segments areolated m three lines system, 
areolae about 15 m 10 m. 

Distribution .—In the Mediterranean, Campeche Bay and Java seas; 
Peruvian guano. 

30. Asteromphalus Cleveanus Grunow 
(Figs. 84 and 88) 

Clcvc, Exam. Diat Sea of Java, 1873 a, p, 5. PI, 1, fig 1; Allen and 
Cupp, Plank. Diat Java Sea, 1935, p 123, fig 22 

Cells very similar to those of A flabellatus Valves ovate, long axis 
68-79 p, short axis 56-58Sector lines branched, hyalire rays 11 to 12 
slightly curved. Segments 12 to 13, areolated as in A flabellatus ; areolae 
22 in 

Distribution .—Java S^a. 

31. Asteromphalus Wyvillei Castracane 
(Fig. 87, PI. II, fig. 4) 

Castracane, Diat Chall, 1876, p 134, Pi V, fig. 6, Karsten, Valdivkm 
J&xpedn , 1907, p. 370, Pi. XXXVIII, figs. 4 and 4tf 

Cells round, diameter 70p. Central area smaller compared to former 
species. Hyaline radu 15, more or less straight, 2 5ft broad; one consi¬ 
derably narrower. Sector lines branched. Segments wedge-shaped, arco- 
lated in three lines system, areol* 12 in 10 /*. Chromatophores numerous 
small discs. 

The diatom is a very beautiful object under the microscope, especially 
in the living condition. 

Distribution ^Indian Ocean, 
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Family Eupodisce® 

Sub-family Pyrgodiscineae 
XII. Genus Gosslerklla Schutt 
32. Gosslenella tropica Schutt 
(Fig 86) 

Schutt, Pflanzenkb. d Hochsee, 1893, p, 20 Van Hcurck, Trait l des 
Dtatomies, 1899, p 513, fig. 265, Karsten, Valdnian Expedn , 1907, p 368,*' 
Taf XL, figs 14-17, Hustedt, Rabenhorsi’s Kryptogamcn-Fi , Bd MI, 
Teil 1, 1930 6, p 500, fig 280. 

Cells with flat valves, diameter 182-196 y, Valve surface appearing 
more or less structureless. Valve border with a ring of spines 28-57 p 
long of which several are striking owing to thicker sihcification; the 
stronger ones bifid and swollen at the base and between two such several 
weaker spines are situated, Chromalophores numerous small discs 

Distribution*— 1 Typical plankton form in the Mediterranean Sea. Indian 
Ocean. 

Sub-family Aulacodiscine® 

XIII. Genus Aulacodiscus Ehrenberg 
33. Aulacodiscus orbicubtus sp nov 
(Figs. 90, 91, 94 and 95) 

Cells disc-shaped, 74~114^ in diameter. Valves without radial eleva¬ 
tions. Ground membrane of the valve closely areolated, areolae 6 in 10/t. 
Areolae at the centre irregularly arranged, towards the border somewhat 
radial. In cleared preparations the central portion (a circular area of about 
$ the diameter of the valve) whitish, the remaining portion appearing brow¬ 
nish in colour. Three dtstmet processes on the valve, knob-like, placed 
equally apart. A number of pore canals a little within the border 
Chromatophorc several Iobed discs with a central pyrcnoid. 

This form in the living condition, shows an apparent resemblance to 
A . argus Ehrenberg but differs in the details of the structure. In A . argus, 
over the ground membrane of the valve there is a net-like structure with 
wide meshes which is not present in the specimens described here. Again, 
the processes in A . argus are teat-shaped whereas in the present form they 
are rounded and knob-like. 

Distribution,— Plankton of t hi Madras coast, 
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Girdle view. Fig 82 Actinoptychuv twduiatus (Bailey) Ralfs X 710 Fig 83 PlanktonUlh 
Sol (Wallicfc) Schtttt Structure of the valve, a 930 Fig 84 Asterompholus Oeveamts 
Grunow x460 Fig 85 Aster omphalus flab e Hat us (Brcbiwon) GreviUe Structure shown 
only in two of the segments y 930 Fig 86 Gossltriella tropica Schtttt x 150 Fig 87 
Asterompfalus WyviUei Castracane > 460 Fig 88 A Clevcanius Grunow x 460 Fig 89. 
Actinocyclus Ehrcttbergu Ralfs Cell in girdle view ^710 Figs 9a 91 Aulacodiscm orbicuiatus 
flfx&ov. Fig 90, valve, x 325 Fig 91, structure on valve, / 930 Fig 92 Acttnocyclus Ehrenbergti 
Ralft. Structure of the gtrtilc x930 Fig 93 Auliscus sculpt us (W Smith) Ralfs Structure 
of ribs x710 Figs 94,95 Aulacodlscus or bleu lotus sp nov Fig 94, Girdle view of cell, 95, 
valve view, x328 Fig 96 Actinocydus FJtrenbergU Ralfs Structure of a portion of the 
valve. X 930. Fig 97 Autucus setdptus (W. Smith) Ralfs x 710, 

Sub-family Eupodiscmeae 
XIV Genus Auhscus Ehrenberg 
34 Auliscus sculptus (W Smith) Ralfs 
(Figs 93 and 97, PI II, fig. 6) 

Pritchard, Hist Infusoria, 1861, p. 845, PI VI, fig 3, Greville, Mon 
Genus Auliscus , 1863 b, p 43, PL II, figs 1-3, Rabenhorst, FI, Eu Alg, 
1864, pt. 1, p. 320, Rattray, Revis Auhscus , 1888, p. 23, De Tom, Syli 
Alg., Vol. n, 1891-94, p. 1047; Van Hcurck, TratU des Diatomles, 1899, 
p. 482, fig 215, PL XXI, fig 646; Hustedt, Rabenhorst’s Kryptogamen-FI, 
Bd. m Teil 1, 1930 b, p. 516, fig 290, 

Eupodiscus sculptus W Smith, Syn Brit Diat, Vol I, 1853, p. 25, 
PL IV, fig. 42. 

Cells disc-shaped with broadly elliptic valvar plane, long axis 46f*, short 
axis 41*5ii, Two hyaline eyes of 11 5/x m diameter opposite each other. 
Valves sculptured with strong radial ribs which become faint towards the 
centre Valves radially striated, striae 24 in 10^. Central area hyaline, 
more or less oblong with round corners 

Distribution,— In all the European seas particularly in the region of 
North Sea; West Indies. 


XV, Genus Actmocyclus Ehrenberg 
35 Actinocyclus Ehrenbergii Ralfs. 

(Figs. 89, 92 and 96) 

Pritchard, Hist Infusoria, 1861, p 834; De Tom, Syll Alg, Vol. II, 
1891-94, p. 1177; Van Heurck, Traitl des Dtatomdes, 1899, p 523, PI XXIII, 
fig. 659, Gran, Nord Plank , Bot Teil, Bd. VIII, p. XIX, 40, 1908; Boyer, 
Syn ♦ N Am Diat,, 1926, p 84; Lebour, Plank , Diat, N, Seas, 1930, p. S3, 
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Pi. U, fig. 1; Hustedt, Rabenhorst’s Kryptogamen-FL, Bd, VII, Tcil 1, 
19306, p. 525, 298. 

Eupodiscus craasus W. Smith, Syn Brit Diat , Vol I, 1853, p 24, PI IV, 
fig. 41. 

Cells strongly silicified, disc-shaped, slightly convex, 33-61 p in diameter. 
Dark-brown in colour in mounts, with shades of green, blue and purple. 
Central area small, with scattered areol® Areol® in senes, divided into 
structure-sectors by hyaline radial rays running from the centre to the margin 
to different lengths. Areol® 9 in 10^; under low magnification round, 
but under higher powers polygonal In the sub-marginal zone about 15 
in 10 /a. A hyaline eye present. Valve margin finely striated, stn® scarcely 
visible. 

Distribution.— In all the European seas, near the coast, Atlantic and 
Pacific coasts of America Peruvian guano 

Sub-Order Solenoidbab 
Family Soleme® 

Sub-family Laudennu® 

XVT Genus Corethron Castracane 
36 Corethron hystrix Hensen 
(Figs 99, 101 and 103) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd VII, Teil 1, 1930 6, p. 547, 
fig 311, Boyer, Svn N Am Diat, 1926, p 114 

Corethron criophilum Castracane, Diat Chall , p 85. PI XXI, figs. 12, 
14, 15; Dc Tom, Syll Ah , Vol ]{, 1891-94, p. 1006; Gran, Nord Plank 
Bot Teil , 1908, Bd VIII. p XIX 57, fig. 70, Lebour, Plank . Diat. Seas , 
1930, p 80, fig 54; Allen and Cupp, Plank Diat Java Sea, 1935, p. 123, 
fig. 24. 

Cells with cylindrical mantel face and semicircuiarly bulged valves, 
36-58^ ui diameter; weakly sihcified. The valve margin with a crown 
of long thm spines directed outwards, those of the two valves directed in 
the same direction. Chromatophores numerous, small and disc-shaped, 
distributed at the periphery. 

Distribution.— Pelagic in the region of the North Atlantic extending 
very much north, scattered. Java Seas. 
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37, Corethron tnerme Karsten 
Karsten, Valdivian Expedtu , 1907, p 104, Taf, XIII, fig 14 
(Fig 98) 

Cells with cylindrical mantel face and semicircularly bulged valves of 
about 41 ja diameter Weakly sihcified The valve margin with a crown of 
long thin spines directed outwards, those of the two valves directed in oppo¬ 
site directions Chromatophtires many, small, disc-shaped, some lobed, 
placed peripherally 

Distribution —Pelagic in the warmer seas In Europe, scattered in the 
Mediterranean Sea 


XVII Genus Lauderia Cleve 

38. Lauderia annulata Cleve 
(Figs 100 and 102) 

Cleve, Examn Dlat Sea of Java, 1873 a, p 8, Castracane, Diat Chad. 
Expedn., 1876, p 89, PI. VITI, fig 7, Dc Tom, Syll Alg, Vol II, 1891-94, 
p 771; Boyer, Syn. N Am Diat , 1927, p 561, Allen and Cupp, Plank . 
Diat Java Sea , 1935, p 124, fig 25. 

Lauderia borealis Gran, Nord Plank , Bot Ted, Bd VIII, 1908, p. 
XIX 23, fig 22; Van Heurck, IraiU des Diatomles , 1899, p 418, fig. 136; 
Lebour, Plank Diat N Seas , 1930, p 66, fig 38, Hustedt, Rabcnhorsl’s 
Kryptogamen-Fl, Bd VII, Teil 1, 1930 6, p 549, fig 313 

Cells cylindrical, valves slightly convex with a depression m the middle* 
57-85jti in diameter, forming a straight chain, the raised portion of the 
valve touching the adjacent cell Valves with numerous short spines of 
varying length Intercalary bands many, collar-shaped Surface of cell 
delicately punctate, punctee 12 in 10/i 

Distribution “Pelagic in the coastal region of Europe, from the 
Mediterranean to North Norway; Java. 

XVIII Genus Schroederella Pavillard 

39. Schroederella delicatula (Peragallo) Pavillard 
(Fig 104) 

Hustedt, Rabenhorst’s Kryptogamen-Flora t Bd VII, Tei! I, 1930 6, 
p. 551, fig. 314; Allen and Cupp, Plank Diat Java Sea, 1935, p 124 

Detonuh Schroederi Gran, Karstc i, Valdivtan Expedn , 1907, p 375, 
Ttf. XU, fig, 21; Gran, Nord. Plank., Bot. Teil , Bd. VHI, 1908, p. 22, fig. 2h 
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dtlicatula (Peragallo) PavflUrcL x 710. Fig*. 105-107 Qutmrdia Jhccida (Culracatw) 
Ftong*llo Fig 106, two orilt, x32S, 107, two ctUs with chromatophores, x328 Fig. 105, 
a chtua, x73 

Cells cylindrical with more or less slightly convex valves, valves depress¬ 
ed in the middle; diameter 14-39 /j.* Cells bound in chains. Valves with 
a crown of spines. In the centre of each valve a spine-like pore canal present. 

Finer structure on the valve could not be made out in the formalin 
material. 

Distribution .—Prcponderatmgly confined to the warmer seas Not 
rare in the Mediterranean Atlantic coast of France and Spain; Java 
and Indian ocean 


XIX Genus Leptocylindrus Cleve 

40 Leptocylindrus damcus Cleve 

(Figs 109 and 110) 

Cleve, Plank Cillco Dial , 1894-95, p 15, P II, figs 4, 5; De Toni, 
Sytl. Alg. t Vol.n, 1891-94, p 822; Gran, A ord Plank , Bot Teil, Bd VHI, 
1908, p. XIX 24, fig. 24; Boyer, Syn. N Am Diat , 1927, p. 559; Lebour, 
Plank , Dial. N. Seas, 1930, p 77, fig 52; Hustedt, Rabenhorst’s Krypto - 
gamen-FI, Bd VII, Teil 1, 1930 6, 558, fig 319 

Cells cylindrical, 3-17 /a in diameter and 9-89 p in length, forming 
long chains No structure visible on the valve. Chromatophores, nume¬ 
rous and disc-shaped 

Distribution —Neritic in the European coast, particularly frequently 
in North Europe and Mediterranean 

41 Leptocylindrus minimus Gran 

(Fig, 108) 

Lebour, Plank . Diat jV. Seas t 1930, p 78, fig. 52 c; Hustedt, Raben- 
horn's Kryptogamen-Fl , Bd VII, Teil 1, 19306, p, 560, fig, 321. 

Cells very small, 2 5/4 in diameter and 26-29 p in length, forming 
chains. Chromatophores two, large and disc-shaped. 

Distribution —Davis Strait, Kiel, Flemish coast and English Channel. 
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Sub-family Rhizosoleminse 
XX Genus Gumardia Peragallo 
42 Gumardia flaccida (Castracane) Peragallo 
(F.g, 105-107) 

De Tom, Syll. Alg , Vol. II, 1891-94, p 823; Van Heurck, Tralti de$. 
Diatomies, 1899, p. 417, fig. 135; Boyer, Syn N Am. Dial., 1927, p 559; 
Lebour, Plank Dial. N. Seas, 1930, p 79, fig 53; Hustedt, Rabenhorst’s 
Kryptogamen-Fl., Bd. VII, Toil 1, 1930 b, p 562, fig 322; Allen and Cupp, 
Plank. Dial Java Sea, 1935, p 125, fig 28 

Rhtzosolenia flaccida Castracane, Dial Chail Expedn , 1876, p. 74, 
PI. XXIX, fig 4 

Cells cylindrical, diameter 32-64/1, forming long chains, at tunes, 
about 546/i long; weakly sihcified. Valve slightly concave. Intercalary 
bands numerous, collar-like No visible sculpture on the valves. Cells 
breaking down in the preparations Chromatophores many lobed discs 
each disc showing a pyrenoid. 

Distribution.— Nentic. North Sea, Baltic Sea, Danish Sea, Skaggerak; 
North Atlantic, European ar.d American; English Channel. Mediterranean, 
Java Seas. 


XXI Genus Rhizosolenia Ehrenberg 
A. Simpucbs 

43 Rhizosolenia cylindrus Cleve 
(Figs. Ill and 112) 

Karsten, Valdivian Expedn., 1907, p. 376, Taf. XLII, fig 6, Gran, 
Nord. Plank , Bot. Teil, Bd VII, 1908, p. 49, fig. 56; Hustedt, Rabenhorst’s 
Kryptogamen-Fl. Bd , VII, Teil 1, 1930 b, p. 572, fig. 325; Allen and Cupp, 
Plank Dial Java Sea, 1935, p 127, fig 30. 

Cells cylindrical, diameter 23/*, with conical valves. Process large, 
somewhat bent. Cell-wall hyaline, structure difficult to make out. RicheBa 
Intracellularis, a blue green, often found inside the cell. 

Distribution —Inhabits warmer regions, Indian Ocean, Java Seas, 
California, Atlantic Ocean, 
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B Eurhizosoleniae 
Annulatab 
( a) Lauderioidea 

44. Rhizosolenia Stolterfothii H Peragallo 
(Figs 113,115 and 117) 

De Tom, Syll Alg , Vol IT, 1891-94, p 824, Van Heurck, Traiti des 
Diatomies, 1899, p, 416, Karstcn , Valdman Expedn., 1907, p. 163, Taf XXIX. 
fig. 9; p 378, Taf. XLI, fig. 3; Gran, AW Plank, Bo t Tell, Bd VIII, 1908, 
p XIX 49, fig 55; Boyer, Syn N Am Diat , 1927, p 558; Lebour, Plank. 
Dint N Seas , 1930, p 93, fig 66, Hustedt, Rabenhoru’s Kryptogamen-F! , 
Bd. VII, Teil 1, 1930 b, p 578, fig 329; Allen and Cupp. Plank Diat , 
Jawi &«, 1935, p. 127, fig 29 

Eucampta striata Stolterfoth, New Sp of the Genus Eucampia. 1879, 
p 835. 

Cells cylindrical, 18-35^ in diameter and up to 155 f* m length with 
uniformly bent pervalvar axis, forming compact, spirally coiled chains. 
Valve with small spine which fits into a depression in the adjoining cell. 
Intercalary bands ring shaped, numerous, without any visible structure. 
Cells weakly sihcified. Chromatophorcs numerous, small, disc-shaped. 

Distribution.— In the co^st of Europe from the Mediterranean to North 
Norway; North Atlantic, both European and American; California; 
and Indian Ocean 

(b) Robusta 

45 Rhizosolenia robusta Norman 
(Figs 118-120 and 124) 

Pritchard, Hist . Infusoria , 1861, p 866, PI VIII, fig 42; Castracane, 
Diat . Chatt , 1876, p. 73, PI. XXIV, fig 5, De Tom, SyU Alg , Vol. II, 1891- 
94, p, 824; Karsten, Valdivtan Expedn , 1907, p 163, Taf XXIX, fig 10; 
Grau, Nord Plank., Bot . Teil, Bd VIII, 1908, p XIX 50, fig 57, V*n 
Heurck, Traiti des Dtatomies, 1899, p. 414, PI XXXUI, fig. 883, Boyer, 
Syn . IV Am. Diat, 1926, p 99. Lebour, Plank Diat N Seas, 1930, p. 94, 
fig. 68; Hustedt, Rabenhorsfs Kryptogamen-FL, Bd VII, Teil 1, 1930 b t 
p 578, fig. 31; Allen and Cupp, Plank Diat Java Sea , 1935, p 127, fig 31, 

Cells cylindrical, in the middle part, with conical curved valves 53- 
266j& in diameter. Intercalary bands robust, many, collar-shaped. A 
ynflti spine set m the hollow apical process of the valve. Cell-wall thin. 
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ft* ltl, X 328; H2, X 710. ft* U3 R. Stolterfothii Peragallo x 98J. Fig. 114. SL 
etyh/ormit BrigbtwrfL x 530. Structure of intercalary band Fig 115 R Stolterfothii 
feagftUo. X328 Fig. 116. R. Imbricata Bright well xl50 Fig 117. R. Stolterfothii Pera- 
g*lk>. X 80 Figs. 118-120 R. robusta Norman Fig. 116, x 80, 119, x 220, 120, daughter 
cell with one ^rental valve, x 80. Figs. 121-123 R. imbricata Brightwell Figs 121 and 122, 
x 325, 123, structure, x 930 Fig. 124 R robusta Norman, x 220 Fig. 125. R styliformis 
Brightwell, X 220. Figs 126-129, R, styliformis var longlsplna Hustcdt Figs 126,127, x 710, 
128, cell with Richslia, , 129, x460. 

easily breaking down; very finely punctate, punct® in three line system 
crossing one amother. 

Distribution.-— In Warmer seas more frequent In Europe common 
from the Mediterranean to the English Channel; north Pacific coast of 
America. 

Gwuinak 
(a) Imhricata 

46 Rhizosolema imbricata Brightwell 
(Figs 116, 121-123) 

Brightwell, Remarks on the Genus Rhizosolenta , 1858 a, p 95, PI V, 
fig. 6; Pritchard, Htst Infusoria , 1861, p 865, Castrarane, Diat. Chall, 
1876, p. 73, PI, XXIV, fig 1 and l bis; Van Heurck, Traitd des Diatomies , 
1899, p 415, PI XXXin, fig 885, De Tom, Syil Alg. Vol II, 1891-94, 
p 828; Karsten, Vatdivian Expedn » 1907, p 98, Taf XI. fig 3, Gran, 
Nord . Plank , Bot Teil , Bd VII, 1908, p XIX, 52, fig 63; Hustcdt, Raben- 
horst’s Kryptogamen-Fl , Bd VTI, Teil 1, 1930 6, 580, fig 331, Allen and 
Cupp, Plank Diat Java Sea , 1935, p 129, fig 35 

Cells cylindrical, 38-44 n in diameter Intercalary bands numerous 
in two series. Apical process short and straight, base slightly enlarged with 
lateral wings at the base. Cell-wall strong, clearly sculptured Inter¬ 
calary bands coarsely punctate-striated, stri® running from central line in 
a fan-hke manner to sides, 15 in 10/x; punctae 30 in I0p. 

Distribution .—Maximum development in the warmer seas The 
Mediterranean. Java Seas 


(b) Styliformis 

47. Rhizosolerria styliformis Brightwell 
(Figs 114 and 125) 

Brightwell, Remarks on the Genus Rhizosolenta , 1858 a t p 95, PI. V, fig 
5d; Dc Tom, Syli Alg , Vol. II, 1891-94, p. 826, Van Heurck, Traiti des 

B3 
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Dlatomies, 1899, p. 415, PI. XVII, fig. 601; Karsten, Vaidtvian Expedn., 
1907, p. 96, Taf. X, fig. 5; Gran, fiord Plank., Bot. Tetl, Bd. VIII, 1908, 
p. 54, fig. 65; Boyer, Syn. N. Am. Diat , 1926, p. 99; Lcbour, Plank Diat. 
N. Seas, 1930, p. 98, fig. 71; Hustedt, Rabenhorst’s Krypsogamen-Fl , 
Bd. VII, Teil 1. 19306, p 584, fig 333; Allen and Cupp. Plank. Dial. Java 
Sea. 1935, p. 130, fig. 39. 

Cells cylindrical, diameter 23-98/* and up to 392/* length. Intercalary 
bands scale like m two rows, scales alternating with each other; punctate, 
punctse about 20 rows in 10 1 *. Process more or less long, hollow. The 
wings not clearly visible. Often, the blue-green alga Richelia fntracellularis 
found inside. 

Rhizosolenia styUformis Bnghtwell 
var. longispina Hustedt 
(Figs. 126-129) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd. VII, Teil 1, 1930 6, p. 586, 
fig 334; Allen and Cupp, Plank Diat Java Sea, 1935, p 130, fig. 39. 

Differs from the type in its longer apical process ending in long spines. 
The base of the process thinned Punctas 25 rows in 10/*. Diameter of 
cell 54/*. 

Rhizosolenia styltformis Bnghtwell 
var. latissima Brightwell 
(Figs 130-132 and 143) 

Bnghtwell, Remarks on the Genus Rhizosolenia, 1858 a, p. 95, PI. 
V, fig. 5e; Hustedt, Rabenhorst’s Kryptogamen-Fl, Bd. VH, Teil, 1, 
1930 6, p. 586, fig 335; Allen and Cupp, Plank. Diat. Java Sea, 1935, 
p. 130. fig. 40. 

Rhizosolenia polydactyla Castracane, Diat Chall, 1876, p 71, PI. 
XXIV. fig 2; De Tom, Syll. Alg., Vol II. 1891-94, p. 827. 

Larger than the type, diameter 88-99/*, length 448-1190/*. Inter¬ 
calary bands flat, punctate, punctse 12 in 10/*. 

Distribution .—In the plankton of the European seas, particularly 
tn the northern regions in quantities; Vancouver, California, West Indies, 
Antarctic, coast of Barbados, Java seas 
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48. Rhizosolenia setigera Bnghtwell ' 

(Figs 137,140 and 142) 

Bnghtwell, Remarks on the Genus Rhizosolenia , 1858 a, p 95, PI V, 
fig, 7; De Tom, Syll Alg , Vol II, 1891-94, p. 827; Van Heurck, Traiti des 
Diatomies, 1899, p. 414, PL XVII, fig 602, Gran, hord Plank , Bot Tell , 
Bd. VIII, 1908, p XIX 53, fig. 64; Boyer, Syn N Am Diat , 1926, p 100, 
Lebour, Plank Diat N , Seas, 1930, p 98; fig 70, Hustedt, Rabenhorst’s 
Kryptogamen-Fl. , Bd. VII, Teil 1, 1930 b, p 588, fig 336, Allen and Cupp, 
Plank Diat Java Sea, 1935, p, 129, fig. 37 

Rhizosolenia Japonica Castracane, Diat Chall , 1876, p. 72, PJ XXIII, 
fig. 7. 

CeUs rod-shaped, cylindrical, 8 3/* in diameter and up to 518/* in 
length. Valves conical but slightly oblique Apical process long, hollow 
to some distance and ending in a long spine Intercalary bands scalc-likc, 
punct® 18 rows m 10/*. 

Distribution .—In the European seas, particularly in the northern coast; 
Vancouver, California, Java Seas 

49. Rhizosolenia hebetata (Bailey) Gran 
var semispina (Henscn) Gran 

(Figs 133-135 and 136) 

Gran, Nord. Plank, Bot . Teil, Bd. VH1, 1908, p XIX 55, fig 67b; 
Boyer, Syn, N, Am Diat,, 1926, p. 100 ; Lebour, Plank Diat N Seas , 
1930, p. 99, fig. 73 a; Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd, VIJ, 
Teil 1, 1930 b, p. 592, fig. 338; Allen and Cupp, Plank Diat Java Sea, 
1935, p. 131, fig. 42. 

Cells longitudinally drawn out, length 224-560/*, diameter 6-14/*. 
Process long hollow at the base, ending in a long spine. Intercalary bands 
scale-like, pointed towards the apex, punctate, punct® 18-24 in 10*/ The 
blue green, Richelia intracellularis often found inside the cell. 

Distribution,— Arctic seas. East Greenland Sea, all parts of North 
Sea, Baltic, Skaggerak, English Channel, Belgian coast, Mediterranean, 
California, Antarctic. 

50. Rhizosolenia crassispina Schroeder 

(Figs. 138 and 139) 

Schroeder, BeitrSge zur Kenntnis des Phytoplanktons warmer Meere, 
1906, p. 345, figs. 5 a, b, c. 
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Tkxt-Fios 130-147 —Figs. 130-132. R styliformis var latisiima Brightwell Fig. 130, X130; 
Tigs 131, 132, x 325 Figs. 133-135 R hebetate (Bailey) Gran var semhpina (Hansen) 
Gran. Fig. 133, one end of cell with Riehetia inside, x 460, Fig. 134, end of a daughter ceil. 
x460; Fig. 135, x930 Fig. 136 R, hebetate var semispina (Hensen) Gran. x460. Fig. 137. 
R, getigera Bnghtwell x710. Figs 138-139. R. crtusispina Schrddor. Xl30. Fig. 140. 
If. setigera BrightweU x930. Fig. 141. JR alata BnghtweU. Auxospoi*. x33, Fig. 142. 
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Jt gettgtf* Brightwell. X 150 Fig. 143. R, siyH/ormh var lathsima Bright well Structure 
of intercalary bead, x 930 Fig 144. R alata f, indlca (Pcragallo) Ostenfeld. Figs 
145, 146 R alata Brightwell Fig 145, x55, Fig, 146, xlSO. Fig, 147. R alata f gracillima 
(Oeve) Grunow. x7I0. 

Cells cylindrical, straight, 42- 51^ broad Valves tapering Spires 
slightly constricted at the base, then broadened and then drawn out into 
a long hair-like process No visible structure on the valve or girdle 
Chromatophores numerous and disc-shaped. 

Distribution .—Pacific Ocean 


(e) Alata 

51 Rhizosolenla alata Brightwell 
(Fig^ 141, 145 and 146) 

Brightwell, Remarks on the Genus Rhizasofema, 1858 p 96, PI V, 
fig 8, De Toni, Syll Alg , Vol II, 1891-94, p 830, Van Heurck, TraitS 
des Diatomies, 1899, p 416, PI XXXIII, figs 887, 888, Gran, Nord 
Plank , Sot 7V//, Bd Vin, 1908, p XIX 56, fig 68, Boyer, Syn N Am 
Dial , 1926, p 100, fig 101; Lebour Plank Dial N Seas , 1930, p 88. 
fig. 60; Hustedt, Rabenhorst\ Kryptogamen-FI , Bd VTf, Ted 1, 1930 6, 
p. 600, fig 344; Alien and Cupp, Plank Dial Java Sea , 1935, p 131, 
fig 43 

Cells rod-shaped, cylindrical, 7-29/* in diameter and up to 644/* in 
length. Valves shortly conical, ending in a tube-like more or less curved 
process; a small depression at the base of the tube into which the apex 
of the adjoining cell, if any, fits Intercalary bands scale-like, in two 
rows, no sculpturing visible on them. 

Auxospores were observed 

Rhizosolenla alata Brightwell forma gracillima (Cicve) Grunow 
(Fig. 147) 

Gran, Nord, Plank.. Bot Tell , Bd VIII, 1908, p XIX 56, fig 68, d, 
Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd , VII, Teil 1, 1930 6, p 601, 
fig, 345; Allen and Cupp, Plank . Dial Java Sea , 1935, p 131, fig 44 

Rhizosolenla (alata var 7) gractlltma CU\ c, On New and little known 
Diatoms , 1881, p. 26, P J IV, fig 78 

Rhizosolenla alata var. gracillima (Cleve) Van Heurck, De Tom, 
SylL Atg.s Vol. II, 1891-94, p, 830. 
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Text-F ios 148-160.—Figs. 148-149. R. alula f. tndica (PeragaUo) OstenMd Fig. 148, X22Q; 
Fig 149, x325 Figs. 130-132. R. alala f inermlt (Cutrtcane) x325. Figs. 133-154, 
R Castracanei var, nov. Fiff 153, X 40; 154, x 55. Pig. 155. ft data f. imttca (PoragaUo) 
Ottenfeld x325. Figs. 156-1604 ft Castracanct var. nov Fig. 156, structure of intercalary 
tend. 159, note Rkhtlla. Fig. 156, x 930; 157, x325; 156, X150; 159, x2U; 160, X150. 
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Differs from the species m being very narrow, diameter 7/* or less, 
otherwise same. 

Rhlzosolenla alata Brightwell forma indica (Peragallo) Ostenfeld 
(Figs, 144, 148, 149 and 155) 

Gran, Nord> Plank , Bot Tell Bd VUl, 1908, p. 56; Kars ten, Valdivian 
Expedn., 1907, p. 381, Taf XLI, fig 7; Hustedt, Rabenhorst’s Krypto - 
gamep-FL, Bd. VII, Teil 1, 1930 b, p 602, fig. 346, Allen and Cupp, Plank 
Diat. Java Sea , 1935, p 131, fig. 45. 

Differs from the species in its larger diameter, 33- 111#* Process very 
striking curved. Intercalary bands variable. 

Rhlzosolenla alata Brightwell forma inermis (Castracane) Hustedt 
(Figs. 150, 151 and 152) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd. YU, Teil 1, 19305 p 602, 
fig. 348. 

Rhizosolenla inermis Castracane, Diat . Chall 1876, p. 71, PI. XXIV, 
figs 7, 8, 10 and 13 

Rhlzosolenla ohtusa Hensen, Gran, Nord Plank , Bot Teil Bd. VIII, 
1908, p. XIX 56, fig 69 

Similar to type, but with intercalary bands scale-like, scales keel¬ 
shaped, Diameter of cell 15~ 19 /a 

Distribution —In the Plankton of all seas, the larger form f. indica 
and the forms with strongly bent valves occur m the warmer seas; Medi¬ 
terranean in Europe; those with bent and sharp valves eg>, f. inermis m 
the colder seas. 

Squamosae 

52. Rhizosolenla Casiracanei Peragallo var. rhomboidea var. nov. 

(Figs. 153, 154 and 156-160) 

Cells cylindrical, 126—210ft m diameter and 700-910/t m length. 
Intercalary bands arranged in several pervalvar senes, scale like, rhom- 
boidal to almost square in outline at the centre of the cell, sides slightly 
wavy. Calyptrw flat, somewhat obliquely cone-shaped, with very clear 
impression of the sister valve Process short, rather blunt, at the base 
with weakly differentiated ears. Cell-wall thin, sculpturing finer than in 
the type. Intercalary bands areolate-punctate, punctas 20-24 in 10/*, 
arranged in three senes system. 
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prlnetpt (Cutracane) IVjurl End cell, valve view. x325 Fig 166. B. hyalin urn Lauder. 
X 85. Fig. 167 B hyalinum (?) Lauder x 460 Fig 168 B hyalinum var. prlnceps 
(Cas Ira cane) Ikari. x325, Fig 160 B hyalinum Lauder. Cells showing contents. x460. 

The present form resembles the species in almost all respects except 
in the shape and structure of the intercalary bards The intercalary bands 
in this are rhomboidal to almost square m outline, whereas in the type 
they arc somewhat compressed The areolation in the present form is 
finer than in the type, there being 20-24 panel® m 10p, whereas in the type 
there are only 9-10 in lO^t 

Distribution —Plankton of the Madras Coast. 

Sub-order Biddulphioideae 
Family Ch©tocerue 
XXII Genus Bacteriastrum Sbadbolt 

ISOMORPHA 

53 Bacteriastrutn dehcatulum Cleve 

(Figs 161-163) 

Gran, Nord Plank., Bot Ted , Bd. VIII, 1908, p XIX 58, fig 72; Boyer, 
Syn N. Am Diat , 1927, p. 560, Labour, Plank Dial N Seas , 1930, p 82, 
fig. 55; Hustedt, RabenhorM’s Kryptogamen-Fl, Bd VII, Teil 1, 1930 b, 
p. 612, fig , 353, Allen and Cupp, Plank Dial Java Sea 1935, p 132, fig 46. 

Bacteriastrum curvatum Shadbolt, New Forms of Diat , 1854 a, p 14, 
PI I, fig. 2. 

Bacteriastrum furcaturn Shadbolt, ibid, PL I, fig 17 

Cells longer than broad Set© 8, perpendicular to chain axis, basal 
part long Apertures large Terminal set© bent over the chain. Diameter 
of cell 11 ft. 

Distribution —In the Atlantic and neighbouring seas; Mediterranean, 
La Jolla, California 

54 Bacteriastrum hyalinum Lauder 
(Figs 164, 166, 167, 169 and 173) 

Lauder, On new Diatoms, 1864 a, p 6, PI III, fig 3; Lebour, Plank 
Diat . AL Seas , 1930, p. 83, fig 56, Hustedt, Rabenhorst’s Kryptogamen-Fl, 
Bd VII, Teil 1, 1930 6, p 615, fig 354, Allen and Cupp, Plank . Diat % 
Java Sea , 1935, p 132, fig. 47 
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Cells flat, broader than long, diameter 37/*. Setae numerous (24), basal 
part short. Terminal set* bent over chain axis. 

Bacteriastrum hyalinum Lauder 
var. princeps (Castracane) Ikari 
(Figs. 165 and 168) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd VII, Teil l. 1930 6, 
p. 615, fig. 355 

Bacteriastrum varians var princeps Castracane, Diat Chalt , 1876, 
p. 84, PL XIV, fig 2; PI XXIX, fig 3. 

Differs from the species in the strong spirally twisted nature of the 
spines of the inner cells of the chain Diameter of cells 18-29 p. 

Distribution.— In the north Atlantic ocean, frequent on the northern 
coast of middle Europe; Mediterranean; var. princeps only in the warmer 
seas, Mediteranean in Europe. 

55 Bacteriastrum varians Lauder 
(Figs. 170-172 and 175) 

Lauder, On New Diatoms, 1864 a, p 8, PI III, figs 1-6, Karsten, 
Valdivian Expedn , 1907, p 170, Taf XXXIV, figs 1, la, Hustedt, Raben- 
horst’s Kryptogamen-Fl , Bd. VII, Teil 1, 1930 6, p 616, fig 356; Allen and 
Cupp, Plank Diat Java Sea , 1935, p 133, fig. 48. 

Bacteriastrum furcatum Shadbolt, New Forms of Diat, 1854 a, p 14; 
Boyer, Syn . N . Am Diat , 1926, p 114 

Chatoceros (Bacteriastrum) varians Van Heurck, Trait6 des Diatomies , 
1899, p. 422, PI XVin, fig 605 

Cells 12-37*4 in diameter Set* 8 to 19, at right angles to the chain 
axis Terminal set* with fine spines arranged jn spiral rows. 

Auxospores were observed 

Distribution .—Only m the warmer seas, not in Europe. 

Sagitta 

56 Bacteriastrum elegans Pavtllard 
(Fig. 174) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd VtL Teil 1, 19306, 
p. 621, fig. 360. 
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Cells cylindrical, 10-21 p in diameter, forming many celled chains 
with more or less clear apertures Inner spines perpendicular to the 
chain axis with short basal part Outer valve asymmetrical and unlike 
others owing to the presence of a clear nng-hke furrow. Processes of 
posterior valve directed m such a way that they enclose a bell-shaped space. 
Processes robust with spirally arranged minute spines. 

Distribution —Pelagic in the Mediterranean region 
57 BacteriaUrum cosmosum Paviilard 
(Figs. 176-178) 

Hustedt, Rabenhorst’s Kryptogamen-Fl, Bd. VII, Teil 1, 1930 ft, p. 622, 
fig 361; Allen and Cupp, Plank Diat Java Sea, 1935, p. 133, fig. 50 

Cells cylindrical, 9-19/* in diameter, forming long chains with more 
or less wide apertures Inner set® with short basal part perperdicular to 
the chain axis, at bifurcation bent towards posterior end of the chain and 
parallel to the chain axis Anterior terminal set® curved and directed 
towards the posterior, with spirally arranged spines Posterior terminal 
set® thicker than others Set® 6-11 End valves of both anterior and 
posterior terminal cells with a deep furrow 

Distribution —Mediterranean and Java Sea 

XXIII. Genus Chatoceros Ehrenberg 
Sub-genus Phaoceros Gran 

Borealia 

58 Chatoceros Eibenii Griwow 
(Figs 179-181) 

Lebour, Plank Diat N Seas , 1930, p 116, fig 82; Hustedt, Raben- 
horst’s Kryptogamen-Fl , Bd , VII, Teil 1, 1930 ft, p 653, fig 369; Allen and 
Cupp, Plank Diat Java Sea , 1935, p 135, fig 51 

Chcetoceros paradoxus var. Eibenii Van Heurck, Traxti des Diatomies, 
1899, p 422, PI XXXV, fig 916 

Cells cylindrical forming straight chains, 32-50/* m diameter. Aper¬ 
tures elliptical. Tiny spine at the centre of the valve Set® arring from the 
inner valve surface, base of set® short Chromatophores numerous, disc- 
shaped, distributed in the cell and also in the set®. 

Distribution, —Coastal plankton of Europe, Japanese Sea ard Java 

Sea. 
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59. Chatoceros coarctatus Lauder 
(Figs 182-187) 

Lauder, Diat Hong Kong, 1864 6, p 79, PI VIII, fig 8; Clevc, Dial 
Sea of Java, 1873 a, p 9, PI II, fig 10 a, b, c. Do Tom, Syll Alg,, VoK II, 
1891-94, p. 996; Karsten, Valdivian Expedn, 1907, Taf XXXI, fig 3; 
Gran , Nord . Plank , Bot, Ted, Bd Vtll, 1908, p. XIX 68, fig 80; Boyer, 
Syn. N Am Dial , 1926, p 113, Labour, Plank Diat N Seas , 1930, p. 119, 
fig, 55; Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd, VII, Ted, 1, 
19303, p. 655, fig 370; Allen and Cupp, Plank Diat Java Sea, 1935, 
p. 135, fig 52 

Cells cylindrical with elliptical valvar plane, apical axis 35-49#* in length, 
cells united in straight chains which have a very robust appearance Mantle 
with deep, clear, ring-like furrow. Outer set© of the end cells different. 
Posterior terminal set© much thicker than the rest, ridged with minute 
spines; anterior ones less robust, spined and curved towards posterior end. 
Inner set® resembling the anterior ones. Chromatophorcs numerous, 
disc-shaped. 

A member of the Vorticella is usually seen attached to the cells on the 
outside. 

Distribution ‘—Preponderating in tropical waters, in Europe only ir, the 
Mediterranean, Northern limit is about 47° N latitude, 

60 Chatoceros denticulatum Lauder 
(Figs 188-190) 

Lauder, Diat Hong Kong, 1864 6, p 79, Pi VJII, fig 9 f De Tom, Syll 
Alg , Vol. II, 1891-94, p 995; Ailen and Cupp, Plank Diat Java Sea, 
1935, p 135, fig 53. 

Cells cylindrical forming straight chains Apical axis 21-32#* Aper 
hires small, vertically rhombic, Base of set© directed almost vertically, 
with a small tooth on the inner side Set® spinous and striated. A very 
small spine present at the centre of the valve 

Dhtribution .—Hong Kong and Java Sea. 

61. Chatoceros peruvianas Brightwell 
(Figs 191-196) 

Brightwell, On filamentous and long-ho mod Diat , 1856 a, p 107, PI VII, 
figs, 16-18; Further observ Triceratuim and Chatoceros , 1858 6, PI VIII, 
figs. 9 and 10; De Toni, Syll Alg, Vol. II, 1891-94, p 991; Gran, Nord, 
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flank , Bot Tell Bd. VIIT, 1908, p XIX 70, fig. 84; Boyer, Syn. N. Am. 
Diat, 1926, p. 106; Hustedt, Rabcnhorst's Kryptogamen-Fl, Bd. VII, 
Teil 1, 19303, p. 671, fig. 380; Allen and Cupp, Plank Diat Java Sea , 
1935, p. 136, fig. 56 

Cells single, very rarely forming chains of two or three cells Apical 
axis 9-31/* m length Valves dissimilar The upper rounded, the lower 
flat; both with equally developed valve-mantle whose height varies extra¬ 
ordinarily. Set© of upper valve starting from near the centre of the valve, 
after short basal part turning sharply and runnirg backward in wide out¬ 
wardly convex curves; at the end more or less divergent to convergent. 
Set© of lower valve starting near the margin, slightly convex towards out¬ 
side and then running almost parallel to the pervalvar axis Set© strong, 
four cornered, spined and striated, stn© 18-25 m 10/*. Chromatophores 
numerous, small and disc-shaped present in the set© also. 

Chatoceros peruvianus Brightwcll 
forma robusta (Clevc) Hustedt 
(Figs 200 and 201) 

Hustedt, Rabenhorst’s Kryptogamen~FL, Bd VII, Teil 1, 19303, p 673, 
fig. 381 a\ Allen and Cupp, Plank Diat Java Sea , 1935, p. 137, fig. 57 

Chatoceros peruvianus var robutsa Cleve, Diat Sea of Java, 1873 
p. 9, PI. II, fig. 8 

Differs from the type tn possessing very robust set© which are more 
closely spined than m the type. 

Distribution.— In the wanner seas widely distributed; in Europe in the 
Mediterranean, Atlantic and Pacific oceans, Java Sea; Peruvian guano. 

Sub-genus Hyalochate 
DicJadia 

62. Chatoceros Lorenzlanus Grunow 
(Figs. 198-199, 202-204, 20G-209) 

De Toni, Syll Alg , Vol. II, 1891-94, p. 994; Gran, Nord. Plank , Bot 
Teil Bd. VIII, 1908, p. XIX, 76, fig 90, Boyer, Syn If Am. Diat , 1927, 
p. 561; Lebour, Plank Dial, tf Seas, 1930, p 128, fig. 93; Hustedt, 
Rabenhorst’s Kryptogamen-Fl, Bd. VII, Teil 1, 1930 3, p 679, fig. 385; 
AUen and Cupp, Plank. Diat . Java Sea , 1935, p. 137, fig 58. 
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CWve.) HuModt Pit. 200, x4«0, 201, x 930 Fit*. 202-204. CK Lomtiomu Oraoow. 
202* bile; and 203, distal end , 204, cell in valve view, x 930, Pig. 203, CK indlcus *p nov. 
x 930- Pigs 206-209 Ch LoremUmus Orunow Fig, 206, 207 and 209, x 710, 208, x 220. 
Pig- 210 Ch tudicuM sp, nov, x 215 

Chatoccros celiuiosus Lauder, Dtat Hong Kong , 1864 6, p 78, PI. VIII, 
fig. 12- 

Cells of apical axis 16-58/4 long, forming straight chains. Apertures 
of varying sizes Setae springing from the corners with a very short basal 
part. Terminal setae thicker and somewhat shorter than the others, 
slightly diverging at the base and then running parallel to the chain axis. 
Set® four-sided, punctate-areolate, punct® of neighbouring faces alter¬ 
nating with each other. Resting spore with processes only on one valve 
which spring near the centre of the valve; the other valve somewhat 
bilobed. 

In the figure given by Hustedt the processes of the resting spore spring 
more towards the sides of one of the valves and the other valve is not so 
clearly bilobed Probably the resting spores observed here arc not mature 

Distribution.— In the warmer seas widely distributed in the coastal 
plankton* in Europe common along the coast of south Europe, in the 
Mediterranean common. Sparsely distributed along the north coast of 
middle Europe; La Jolla, Java Sea 

63 Chatoceros mdicus sp nov 
(Figs 197, 205 and 210) 

Cells forming straight chains, apical axis measuring 18-26/4. Aper¬ 
tures of varying sizes, set® springing from the corners with minute spines 
spirally arranged on them 

The cells resemble Ch. Lorenzumus in their broad girdle view but 
are Madgeburgh-spherc-shaped m their narrow girdle view Again, the 
set® have minute spines spirally arranged on them as m Ch. Eibenii and 
Ch. Lauderi unlike in Ch. Lorenzianus where they are areolatc-punctate. 

Distribution —Plankton of the Madras coast. 

Cylindrico 

64 Chatoceros Louden Ralfs 
(Figs 211-213, PI ILfig 3) 

Ralfs, in Lauder, Remarks on Marrine Diatomacem> etc , 1864, p. 77, 
Pl-VIII, figs. 3 and 4, De Tom, Syll Alg , Vol II, 1891-94, p. 995; 
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Lebour, Plank. Diat. N. Sea , 1930, p. 131, fig, 95; Hustedt, Raben* 
horses Kryptogamen-Fl, Bd. VII, Teil 1, 1930 6, p. 683, fig. 387; Atlen 
Cupp, Plank , Diat Java Sea, 1935, p 138, fig 59. 

Chatoceros Weissflogii Sehiitt, Gran, Nord Plank , Bot, Teil , Bd VIII. 
1908, p, XIX 77, fig 92 

Cells cylindrical, valves almost round, tender, forming chains apical 
axis 16-29Apertures narrow and elliptical. Seta with small spines 
arranged spirally. Resting spores with strongly curved primary valve, 
spinous on the upper part and with numerous needle-like processes at 
the margin 

Distribution —Mainly in the warmer seas, m Europe in the southern 
part of North Sea, Skaggerak, Baltic, English Channel, Belgium coast, 
Java Sea 

Compressa 

65 Chatoceros compressus Lauder 

(Figs. 218) 

Lauder, Diat Hong Kong, 1864 6, p. 78, PI. VIII, fig 6; BoyeT, Syn. 
N Am Diat , 1927, p 561, Lebour, Plank Diat N Seas , 1930, p. 132, 
fig. 96, Hustedt. Rabcnhorst’s Kryptogamen-Fl, Bd VII, Teil 1, 19306, 
p 684, fig 388; Allen and Cupp, Plank Diat Java Sea , 1935, p. 138, fig 60. 

Chatoceros contortum Schu t. Gran, Nord Plank, Bot Teil, Bd. VIII, 
1908, p XIX 78, fig 93 

Cells forming long chains, apical axis 7 5-18 p in length. Apertures 
somewhat wide, sometimes a mere slit The seta of some cells in a chain 
more robust, thickened and bent to run parallel to the chain axis. Seta 
slightly twisted spirally, spinous The other seta thin. Chromatophores 
many, disc-shaped 

Distribution.-— Very common in all European seas, from the tropics to 
the Polar seas; Hong Kong, California, Indian Ocean and Java Sea. 

Protuberantia 

66 Chaetoceros didymus E^renberg 

(Figs 214 and 215) 

D i Tom, Syll Alg , Vol II, 1891-94, p. 997; Grar, Nord. Plank , Bot. 
Teil, 1908, p XIX 79, fig 94; Boyer, Syn. N Am. Diat, 1926, p. 107; 
Lebour, Plank . Diat. N. Seas, 1930, p. 133, fig. 97; Hustedt, Rabenhorst's 
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Kryptoganten-FL, Bd VIII, Tcil 1, 19306, p 688, fig. 390; Allen and Cupp, 
Flank Diat . Java Sea , 193$, p 138, fig. 61 

Cells forming straight chains, apical axis of the cells 24-39#* in length. 
TransapicJ axis shorter than apical axis A semicircular knob or protu¬ 
berance present in the middle of the valve Set* arising from the corners 
of the adjacent cells crossing farther out Chromatophores two, plate-bke. 

Chaetoceros didymus Ehrenberg 
var protuberans (Lauder) Gran et Gendo 
(Fig 216) 

Hustcdt, Rabcnhorst’s Kryptogamen-Fl , Bd VII, Teil 1, 19306, p 690, 
fig 392, Allen and Cupp, Plank, Diat Java Sea , 1935, p 139, fig 62 

Chaetoceros protuberans Lauder, Diat Hong Kong , 18646, PI VIII, 
fig 11 

Similar to type The terminal set* slightly thicker than the others and 
more divergent than in the type Apical axis 15/i in length 

Distribution —The type neritic in all the seas, Arctic and Atlantic 
Oceans; Peruvian guano. Var protuberans principally in the warmer seas 
in Europe m the Mediterranean; Java Sea 

Chtrtoceros didymus Ehrenberg var heterosetoides var nov 
(Fig 220) 

Cells forming straight chains, apical axis measuring 14 5#* in length. 
Trunsapical axis shorter than apical axis. A semi-circular knob or pro¬ 
tuberance present m the middle of the valve. Setae arising from the corners 
of adjacent cells, crossing farther out Some of the setae of the inner cells 
thicker and running parallel to the axis of the chain and directed toward one 
end of the chain Chromatophores two and plate-like. 

This form resembles the type m all respects excepting for the nature of 
some of the set* which resemble those of the inner cells of Ch compressus 
in being thicker and directed toward one end of the chain and running 
somewhat parallel to the chain axis 

Distribution, —Plankton of the Midras coast. 
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JBfeNnbWf. Fi* 214. X328, 215, x460 Fig 216 Ch didymus v«r protuberens (Uuder) 
Offeti *t Yoado x 328 Fig 217 Ch Van Heurdui Gran x 325 Fig 218 Ch compress** 
Laudor X 365 Fig 219 Ch Van Heurckll Gran / 460 Fig 220 Ch didvmu* vat, 
h€tcro*4ioides var nov x 328 

Constrtcta 

67 Chatoceros Van Heurcku Gran 
(Figs 217 and 219) 

Karsten* Valdntan Expedn, 1907, p 391, Taf XLTV ( fig 6a; Allen 
And Cupp, Plank Diat Java Sea , 1935, p, 139, fig 65, 

Cells forming straight chains, apical axis 24-58 /a. Valves slightly con¬ 
stricted in the middle. Apertures narrow, elliptic Seta more or less 
curved towards one end of the chain, slightly spinous 

Distribution.— Indian Ocean and Java Sea 

Sfe/ioc/ncfa 

68 Chatoceors affims Lauder 
(Figs. 221-227) 

Lauder, Diat. Hong Kong , 1864 b, p 78, PJ VIIT, fig 5, De Tom, Syil 
Atg Vo! It, 1891-94, p 996, Lcbour, Plank Diat N Seas, 1930, p 135, 
fig, 99, Hustedt, Rabenhorsfs Kryplogamcn-Fl, Bd VII, Teil 1, 1930 A 
p, 695, fig 396, Allen and Cupp, Plank, Diat Java Sea, 1935, p 140, fig 66 

Chatoceros javanicus Cleve Diat Sea of Java , 1873 a, p. 10, PI, II, 

fig. 13. 

Chatoceros Schiittii Cleve, Plank Ctiico Dial , 1894-95, p. 14, PI I, 
fig. 1; Gran, tford Plank , Bot Ted, Bd VIII. 1908, p XIX, 81, fig. 97 

Chatoceros Ralfsii Karsten, Vaidivian Expedn , 1907, Taf XXXIII, 

figs 17, 18 

Chains straight, apertures narrow, apical axis of cells 8-18 /a in length 
Terminal set* strongly divergent, thicker than the rest with spines arranged 
spirally. Resting spore formed in the middle of the cell, covered with 
numerous small spines Chromatophore one, plate-like. 

Chatoceros affims Lauder var. intermedins var nov. 

(Fig. 233) 

Cells forming straight chains, apertures narrow; apical axis measur¬ 
ing 5 5-8 ** in length Setas almost of the same sue becoming hair-like 
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Fifft. 221-229. Ch lasdnosus Schiltt 228, x7l0, 229, x930 Fig 230 Ch paradox am 
Ctevft X 710. Fig. 231. Ch lasdnosus Schott x 130 Fig 232 Ch paradox um Clew. X 
710 Fig 233. Ch affinis var intermedium var nov x460 

toward the distal end and slightly curved at the end. Chromatophore one, 

plate-like 

The cells resemble those of the type and Ch affims var circinalis 
(Meunier) Hustedt (1930 b, p. 697, fig 397) but very closely the latter; 
however, differs in not having the set® so strongly curved as in the variety 
and the end set® not being different from the inner ones which is the case 
in the type. 

Distribution “In most seas, frequent in certain regions. Var. inter* 
medius var nov in the Madras coast 

69 Chatoceros parade xum Cleve 

(Figs. 230 and 232) 

Cleve, Diat Sea of Java, 1873 a, p 10, PI ITT, fig 16, De Toni, Sylt 
Alg. Vol. n, 1891-94, p. 992, Van Heurcic, Trade des Dmtom&es, 1899, 
p. 422; Allen and Cupp, Plank Diat Java Sea, 1935. p 140, fig 67 

Chcetoceros diadema (Ehrenberg) Gran, Boyer, Syn N Am Diat , 

1926, fig 109. 

Cells forming chains, chains twisted Cell wall thick. Girdle bands 
deeply constricted. Apertures large. Apical axis of the cells 8-18 p 

Distribution ,—River Dee in England, Java, 

Lascinosa 

70 Chatoceros lasctnosus Schutt 
(Figs. 228, 229 and 231) 

Gran, Nord Plank , Bat Teil Bd, VIII, 1908, p XIX 82, fig 99. Boyer, 
Syn If. Am. Diat , 1927, p 561; Lebour, Plank Diat AT. Seas , 1930, p 137, 
fig 100; Hustedt, Rabenhorst’s Kryptngamen-Fl, Bd VII, Teil 1, 1930 A, 
p. 701, fig. 401 a, Allen and Cupp, Plank Diat Java Sea, 1935, p 141, 
fig. 69. 

Chatoceros distans Cleve, Plank . Cilico, Diat , 1894-95, p. 14, PI II, 

fig. 2. 

Cells forming straight chains, apical axis 11-24 p in length. Apert uni 
long and somewhat oblong, Set® thin, basal part somewhat parallel to 
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Ckmoctro* cunlittus Cteve, x 710 Fig 239 Ch holxtticus SchUtt, with resting spec* x 710* 
Fig. 240 Ch. meswnensts Castracane *460 Figs. 241-243 Ch divenus Geve pjg. 241, 
* chain, X 220, 242, a ceil, x 710, 243, spine, x 710 Figs 244-246 CA curvtsetus Clove 
F*. 244, x325, 245, formation of resting spores, x710, 246, x325 

the chain axis Terminal seta somewhat thicker and more or less parallel 
to the chain axis Chromatophorcs two plates m each cell 

Distribution.— Atlantic coast of Europe, Arctic Sea, Davis Strait, 
Norwegian Sea, Baltic Sea, North Sea, Mediterranean, Atlantic plankton, 
California and Java Sea. 

71 Ouetoceros pclagicus Cleve 

(Fig 234) 

Cleve, Dial Arctic Sea , 1873*, p 11, Pi F, fig 4, De Tom, Syll A!g , 
Vol. II, 1891-94, p 993; Gran, Nord , Plank , Bot Ted, Bd VIII, 1908, 
p. XIX 83, fig 101; Hustcdt, Rabcnhorst’s Kryptogamen-Fl , Bd VII, Teil 1, 
1930*, p 704, fig. 402. 

Chatoceros Ostenfeldii Cleve, Notes Atlantic Plank , 1900, p 21, 
PI VIII, fig 19. 

Cells built on the same plan as the former; apical axis 6 5j* in length 
forming chains Apertures large, oblong. Set» not strong Chromato- 
phore one ut each cell 

Distribution —In the coastal region of North Atlantic Ocean 

Diadema 

72 Chmtoceros hoisatiem SchiiU 

(Fig. 239) 

Gran, Nord Plank., Bot Ted , Bd VIII, 1908, p. XIX 85, fig 105, 
Lebour, Plank Diat N\ Seas, 1930, p 142, fig. 104, Hustedt, Rabenhorst's 
Kryptogamen-Fl , Bd VII, Ted 1, 1930*, p 714, fig 407 

Cells forming straight chains, apical axis 26 5/i in length. Apertures 
large. Resting spore formed one in each cell Valve of resting spore 
arched and spinous. 

Distribution.-- Nentic in the coastal region of Europe, frequent in 
brackish-water regions m the north; characteristic for the East Sea region 
Danish waters. Gulf of Finland, Bothnia. 
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Diversa 

73. Cheetoceros diversus Cleve 
(Figs 235, 241-243) 

Cleve, Diat . Sea of Java , 1873 a, p 9, FI H, fig 12, De Toni, Sylt. 
Alg *, Vo) 11,1891-94, p. 991, Karsten, Valdivim Expedn , 1907, Taf XXX1IT, 
fig 19, Gran, Nord Plank . Itof Tetl, 1908, p XIX 87, fig, 107, Lebour, 
Plank Diat . M iSttif, 1930, p 147, fig 108, Hustedt, Rabenhorst’s Krypto - 
gamen-FI , Bd VII, Teil 1, 1930 b, p. 716, fig. 409, Allen and Cupp, Plank . 
Dtof /ava Sea, 1935, p 142, fig. 71 

Cells with apical axis measuring 5-8 p in length, forming straight 
chains which are usually short. Apertures very small Setae, some hair- 
like; others thicker, tubular and spinous. Terminal setae thin and hairhke* 

Distribution —Tropical and sub-tropical; in Europe only in the 
Mediterranean North Sea, northern limit according to Gran 40 rt N 

74 Cheetoceros messanensis Castracane 
(Figs 236, 237 and 240) 

Karsten, Valdivian E\pedn , 1907, p 169, Taf XXXII, fig 13, Hustedt, 
Rabenhorsfs Kryptogamen-FI , Bd VII, Tcil 1, 1930/?, p 718, fig 410 

Chatoceros sp Lauder, On New Diat, 1864 a, PI ITT, fig 8 

Chatoceros furca Cleve, Gran, Nord Plank , Bot . Teil, Bd. VIII, 1908, 
p. XIX 87, fig 108, Lebour, Plank. Diat N. Seas , 1930, p. 146, fig. 107 

Ceils forming long straight chains, apical axis 12-39f* m length. The 
corners of adjacent cells touching each other Apertures round to elliptical. 
Bristles usually thin, some of the setae robust, the- basal part of two such 
seta running closely adpressed to each other and forking farther out, 
spinous, the spines arranged spirally. End bristles diverging, unlike each 
other Chromatophore a single plate 

Distribution —Tropical and sub-tropical; m Europe in the Medi¬ 
terranean 

Brevicateaata 

75 Chatoceros Wighami Bnghtwell 
(Fig. 247) 

Bnghtwell, On filamentous and long-horned Diatomacea , 1856 a, p. 108, 
PI. VU, figs* 19-36; Gran, Nord Plank , Bot Teil Bd. VIII, 1908, p. XIX 
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M, fig. ill; Boyer, Syn N Am . Diat, 1926, p 111; Lebour, Plank. Diat . 

N, Seas, 1930, p 149, fig. Ill, Hu>tcdt, Rabcnhorst's Krvptogamen-FI , 
Bd, VII, Tcil I, 19306, p 724, fig 414 

Cells somewhat tender forming chains, apical axis measuring 10-18#** 
Cells in broad girdle view oblong with sharp corners, the corners of neigh¬ 
bouring cells touching each other and enclosing a narrow sht-hke aperture. 
Bette thm and fragile Inner ones perpendicular to the chain axis; end 
set® more or less parallel to the chain axis Chromatophore plate-) ike. 

Distribution —North Atlantic, Davis Strait, Danish Sea, Skaggerak, 
Baltic, English Channel, Mediterranean 

Curviseta 

76 Chcttoceros curusetus Cleve 
(Figs 238, 244-246) 

DeTom, Syll Alg , Vol II, 1891-94, p 992, Gran, AW Plank , Bot 
Teil, Bd. VIII, 1908, p XIX 91, fig 116, Boyer, Syn N Am Dial 1926, 
p 108, Lebour, Plank Diat N Seas , 1930, p 156, fig 120, Hustedt, 
Rabenhorsfs Kryptogamen-Fl, Bd VII, Teil I, 19306, p 737, fig 426 

Chains spirally curved No distinct end cell Apical axis of ceil 
measuring 9-21 ** Ceils in broad girdle view oblong, set® starting from the 
comers. Aperture somewhat broadly elliptical Set® all directed toward 
one side of the chain Chromatophore $ single plate with pyrenoid Rest¬ 
ing spores formed one in each cell, wall smooth 

Distribution —All parts of North Sea, Norwegian Sea, Skaggerak, 
Baltic Sea, English Channel, Belgiun coast, North Atlantic, European and 
American, Mediterranean Sea and California 

Sociaha 

11 ( h&toceros sociahs Lauder 

(Figs 251 and 256) 

Lauder, Diat Hong Kong * 1864 6, p 77, PI VT1I, fig. 1, Do Tom, 
Syll Alg, Vol II, 1891-94, p 995, Gran, AW Plank., Bot Veil, Bd VIII, 
1908, p XIX 96, fig. 123, Boyer, Syn N Am Diat, 1926, fig 110, Lebour, 
Plank Diat N Seas, 1930, p 166, fig 128, Hustedt, Rabenhorsfs Krypto - 
gamen-Fl, Bd VII, Teil 1, 1930 6, p 751, fig 435 

Cells forming curved chains, apical axis measuring 5-14#*, number of 
chains occur together in colonies. Set® very thin. The set®.on one side 



Tixt-Fiqs 247-258 —Fig 247 CM Wighaml Bngntweil x460 Fig 248 Eucam&* 
laan Etronberg. X 328 Fig 249 Climac odtum Frauen/eidiamtm Grutwm "X 158- 
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Flf.230. Eucompto zoodlocm Ehrenber*. x32* Fig 231 Omlottros uteialii Lauder A chain 
X710 Fig. 252 Climacodtum Frawnfcldiunum Gfunow x80 Ftg 253 Eucampte 
toodiacus Ehrenberg Structure x 710 Figs 254 255 E cornuta (Qeve) Gnmow. a chain, 
006 cell showing contents x 220 255, a 710 Ijg 256 Chtrtoceros »ocialh Lauder A 
colony, x 150 Fig. 257 Eucampia comma (Ctevc) Gmnow x 460 Fig 258 Climacodium 
Fnmnfetdianum Gmnow x 220 

of the chain almost all prolonged very much and sometimes attached to 
some foreign body Apertures large, somewhat rectangular 

Distribution —Hong Kong, Arctic Seas, Davis Strait, Danish Seas, 
Skaggerak, Baltic, North Sea. Belgian coast, English Channel; North 
Atlantic, European and American 

Family BiddulphiejE 
Sub-family Eucampjnm 
XXIV Genus Eutampia Ehrenberg 
78 Eucampia zoodtacos Ehrenberg 
(Figs 248, 250 and 253) 

Pritchard, Hist Infusoria , 186), p 937, PI IT, fig 43, Rabenhorst, 
FI. Eu Alg , 1864, p 324, fig 93, De Tom, Syll Alg , Vol II, 1891-94, 
p 983, Van Heurck, Trout des Diaiomles, 1899, p 461, fig 191, PI XIX, 
fig 628; Gran, btord Plank ., Bot Teil, Bd VTII, 1908, p XIX 98, fig 126; 
Boyer. Syrt . N . Am Diat , 1927, p. 116, Lebour, Plank . Dm N Seas , 1930, 
p. 187, fig. 147, Hustedt, Rabenhorsl’s Kryptogamen-Fl , Bd VTt, Teil 1, 
1930 6, p 772, fig. 451; Allen and Cupp, Plank . Diat Java Sea, 1935, 
p 143. fig 74. 

Eucampia Britanntca W. Smith, Syn Brit Diat , Vol. II, 1856, p 25, 
Pi, LXXI, fig. 378 

Eucampia groenlandica Cleve, Diat Baffins Bay , etc., 1896, p, 10, 
PI. II, fig 10 

Cells flat, united mto spirally twisted chains by blunt processes. 
Apical axis 44-60/4 in length. Valves concave in the middle part so that 
between neighbouring ceils a large space occurs. Intercalary bands 
difficult to make out. Valve punctate, punctae 15 rows m 10/*, 

Distribution All parts of North Sea, Baltic, Skaggerak, English 
Channel, Mediterranean, North Atlantic, European and American, Cali¬ 
fornia; Miocene deposits of Richmond 
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79 Eucampia cornuta (Cleve) GrunoW 
(Figs* 254, 255 and 257) 

Van Heurck, Traiti des Diatomies, 1899, p 461, fig 192; Hustedt, 
Rabcnhorst’s Kryptogamen-Fl. Bd VII, Tcul 1, 1930 6, p 774, fig 452; 
Allen and Cupp, Plank Dial Java Sea , 1935, p 143, fig 75 

Moellaria cornuta Clcvc, Dial Sea of Ja\a> 1873 a, p 7, Pi I, fig, 6. 

Similar to former in habit Apical axis 18-42/1 in length Intercalary 
bands prominent Processes thinner and longer. Apertures wider than 
in the former Structure on valve very difficult to see. 

Distribution. —Usually in the warmer seas, Java In the European 
region only in the warmer sub-tropical parts of the Atlantic Ocean 

XXV Gmus Chmacodtum Grunow 
80 Chmacodlum Frauenfeldtanum Grunow 
(Figs 249 252 and 258) 

De Toni, Syll Alg , Vol II. 1891-94, p 986, Van Heurck, Traiti des 
Diatomies, 1899, p 462, fig 193, Gran, Nord Plank . Bot Ted , Bd Mil, 
1908, p XIX 100, fig 129, Lcbour, Plank Dial N Seas , 1930. p 189, 
fig 149 a, Hustedt, Ribcnhorst’s Kryptogamen-Fl, Bd Ted 1, 1930 b, p 776, 
fig 453, AMen and Cupp, Plank Diat Java Sea, 1935, p 144, fig 76 

Cells even, flat, forming very long ribbon-shaped chains, in girdle 
view with small linear middle part, at the poles of the apical axis with more 
or less slender processes Intercalaiy bands absent, pervalvar axis, there¬ 
fore, short Apertures Urge, wider than the cells Membrane structure 
not visible. Apical axis 106-160/i in length 

Distribution —Particularly in the warmer seas, Mediterranean, Indian 
Ocean, Red Sea 

XXM Gmus Streptotheca Shrubsole 
8! Streptotheca indtea Karsten 
(Fig- 259, 260) 

Karsten, Valdman Expedn , 1907, p. 395, Taf XLVI, fig 8, a, b Allen 
and Cupp, Plank Diat Java Sea , 1935, p 144, fig 77 

Ceils square to rectangular, membranaceous, forming long chains which 
are at times twisted on its own axis Chromatophores numerous, disc- 
shaped 

Distribution . —Indian Ocean, Java Sea 
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Sub-family Trjceratin&b 
XXVJI, Genus Bellarochea Van Heurck 
82 Bellarochea malleus (Brjghtwell) Van Heurck 
(Fjgs 261, 262) 

Van Heurck, TraiU des Diatomic?, 1899, p 464, fig 195; Gran, Nord 
Blank * Bot Tell Bd. VIII, 1908, p XIX 111, fig 148; Lebour, Plank 
Dtat N Seas , 1930, p 182, fig 142, Hustedt, Ribenhorsfs Kryptogamen- 
Fl * Bd VII, Teil 1, 1930 b , p 782, fig 456 

Triceratium malleus Bnghtwell, Further Observations , etc , 1858 b , 

p. 154, PI VIII, figs. 6, 7. 

Cells flat, forming ribbon-like chains, weakly sihcified Apical axis 
50-78/1 m length Valve with a rudimentary central knob and punctate 
m the margin. Apertures slit-like, closed in the middle by rounded valves 
Chromatophorcs numerous, disc-shaped 

Distribution — Neritic in the coastal region of south, North S;a, 
Atlantic coast of western Europe and America, Indian O^ean. 

XXVTII Gmus Ditylum Bailey 
83 Ditvlum Bnghtweihi (West) Grunow 
(Figs 263 and 264) 

De Toni, Syll Alg , Vol II, 1891-94, p 1017 > Van Heurck, Traiti des 
Dtatomies, 1899, p 424, fig 141, Pi XVII, fig 606, Gran, Nord Plank , 
BM Ted, Bd VIU, 1908, p XIX, 112, fig 150, Lebour, Plank Dtat N 
Seas , 1930, p 186, fig 146; Hustcdt, RabenhorstV Kryptogamen^Fl * 
Bd VII, Toil 1, 1930 b, p 784, fig 457 

Triceratium undulatum BrightweU, Further Observ , 1858 6, p 154* 
PI VIII, e p ; 

Triceratium Brightwellit West, Remarks Diat 1860, p 149, PI. VII* 

fig. 6. 

Cells prism-shaped* with strongly rounded ends and three*cornercd 
valvar plane. Valve margin wavy Sides of valve measuring 46-132/x. 
Membrane finely punctate A circle of short spines on the valve surface 
and a siliceous hollow spine at the centre of the valve. 

Distribution —Coasts of England and Scotland* North Sea* Holland* 
Belgium* Germany, Norway, Sweden and Denmark; North Atlantic* 
European and American. 



ia4 structure x710, 262, a chain, x 328 Figs 263-264 Dltylum Brigktwellii (West) GruOOW 
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FSf. 263, two daughter cells, x325; 264, x 328s Fig 265 Tricerattum favus Ehieobarg. 
Structure on the valve x 460 Fig. 266 Dltylum Sol Grunow x 325 Fig 267 Trlctratlum 
fonts Ehrenberg ^460 Figs 266-270 Lithodesmium undulatum Ehrenberg Fig 268 and 270, 
X 710, 269, valve view showing sculpturing, x 930 Fig 271 Tnceratlum fay us Fhrenbcrg > 460 

84 Dityfum Sol Grunow 
(Fig. 266) 

Di Tom, Svll Alg, Vo] II, 1891-94, p 1018, Hustedt, Rabcnhorst’s 
Kryptogamen-FI, Bd VII, Teil 1, 1930 6, p 787, fig 460, AJlcn and Cupp, 
Plank , Diat Java Sea , 1935, p 145, fig 79 

Cells very large, with three cornered valves possessing a central, 
straight, hollow spine No circle of small spines on valve Valve margin 
wavy, giving the appearance of many longitudinal lines in girdle view. 
Membrane finely punctate Sides of the valves measuring 110-148^ 

Distribution - -Warm water form In the Atlantic Ocean up to 10° N. 
In Europe only in the eastern part of Mediterranean, Gulf of Java and 
China Sea. 


XXIX Genus Lithodesmium Ehrenberg 
85 Lithodesmium undulatum Ehrenberg 
(Figs 268-270) 

De Tom, Syll Alg , Vol II, 1891-94, p 985, Gran, AW. Plank , Boi 
Teil, Bd VIII, 1908, p XIX 112, fig 149, Lebour, Plank, Dtat N Seas , 
1930, p 185, fig 145; Hustedt, Rabenhorst’s Krvptogamen-FI, Bd VII, 
Teil 1, 1930 b, p. 789, fig 461 

Triceratium undulatum Brightweil, Further Observ , 1858 6, p. 154, 
PI, Vm, e.p,; 

Dltylum intricatwn Grunow, Van Heurck, Traitl des Diatomies, 1899, 
p. 424, PI XVn, fig. 607. 

Lithodesmium Victoria Kars ten, Valdivwn Expedn , 1907, p 171, 

ttf. xxvnr, fig. 6, 

Cells forming long chains. Valvar plane triangular, corners rounded 
Valve with a small spine at the centre. Sides of valve measuring 38-49 n 
Membrane punctate, punctae 12 rows in 10 p. 

Distribution —Coasts of England, North Sea, Holland, Belgium, Ger¬ 
many and California. 

BS 
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XXX G:nus Triceratium Ehrenberg 
$6 Triceratium favus Eirenberg 
(Figs 265, 267 and 271, PI I, fig 5) 

W Smith, Syn Brit Diat, Vol I, 1853, p 26 PI V, fig 44, PI XXX, 
fig 44, DeTom, Syll Alg, Vol II, 1891-94, p 917, Hustedt, RabenhorsPs 
Kryptogamm-Fl , Bd VII, Teil 1, 1930 5, p 798, figs 462, 463 

Triceratium muricatum Brightwell, On the Genus Triceratium, 1853, 
p 249, PI IV, fig 5 

Triceratium scltulum Brightwell, Further Ofoerv, 1858 5, PI IV, fig 9 

Triceratium fimbriatwn Watlich, On Triceratium , etc , 1858, p 247, 
Pi XII, figs 4-9 

Triceratium favus var spmigera Cleve, Diat Sea of Java , 1873 a, p 6, 
PJ I, fig 3 

Triceratium favus var iateareolata Castracanc, Diat Chall , 1886, p 109, 
PI IX, fig 3 

Triceratium sarcophagus Castracanc, ibul, PI VI, fig 3 

Triceratium ferox Castracanc, ibid, PI Vr, fig 4 

Biddulphia favus Van Heurck, Traiti ( de s Diatomce s, 1899, p 475, fig 204 
PI XXI, fig 643, Boyer, Btdduiphwid Forms 1900, p 706, Gran, Nord 
Plank ,Bot Ted, Bd VIII, 1908, p XIX 109, fig 147, Boyer, Svn N Am 
Diat, 1926. fig 133, Lcbour, Plank Diat N Sea , 1930, p 180, fig 140 

Cells box-like with three-cornered valvar plane and short pervalvar 
axis Sides of valve slightly convex, the corners rounded, side measuring 
96-166 p At the comers blunt processes present Cell-membrane strongly 
sculptured, areolate Areolae m regular rows, almost of the same size 
measuring 2-3 p in diameter Primary membrane punctate, punct® 12 in 
10/x Chamber openings clear Girdle band areolate-punctate, punct® 
6-8 rows in 

Distribution —Littoral in all the European seas Atlantic coast; Gulf 
of Mexico and Java 

87 Triceratium Robertsianum Grcvillc 
(Figs 272 and 273) 

Greville, Descrip New and Rare Diat , 1863 c, p 231, Pi IX, fig 9; 
De Tom, Syll Alg , Vol. II, 1891-94, p 919, Hustedt, Rabenhorst’s Krypto* 
gamtn-Fl , Bd VTI, Teil 1, 19305, p 803, fig 466 



Marine Plankton Diatoms of the Madras Coast 131 

Biddulphia Robertsiana Boyer, Biddulphioid Fonns, 1900, p 707; Boyer, 
1 N Am Diat, 1927, p 134 

Cell built in the same plan as T favus Valves three-sided, sides more 
convex, measuring 142/x Valve corners with hollow cylindrical piocess 
Cell membrane strongly sculptured, areolatc Areola; 10-25 in 100ft 

Distribution —Littoral form in the coast ot tropical and sub-tropical 
seas; in Europe only in the Mediterranean 

88 Triceratium dubium Bnghtwell 
(Figs 274-276 and 278) 

Brightwd!, On Rarer and Undesirtbed Duit 1850, p 180, PI IX, fig 12, 
fJustedt, Rabenhorst’s Kryptogatnen-Fl ,13d VI7 led 1, 1930 b p 806 fig 469 

Triceratium bicorne Cleve, Diat West bid Arch , 1878, p 17 PI V, 
fig 30 

Biddulphia bicorms Cleve, ibid 

Amphitetras bicorms De Tom, Syll Alg , Vol TT, 1891-94, p 902 

Biddulphia dubia (Bnghtwell) Cleve, Boyer, Biddulphioid Forms'. 1900, 
p* 707; Boyer, Syn AT Am Diat , 1926 p 128, Allen and Cupp, Plank, 
Diat Java Sea , 1935, p 148, fig 84 

Valves rhombic-lanceolate In side-view two angles each with a stout 
horn-like process and the other two angles with short blunt processes Valve 
thrcC, four, five-sided or irregularly shaped Valve surface strongly 
sculptured, areolated irregularly, areolae 6 in 10 /a Valve margin striated 
Girdle band arcolate, areolae 12 in 10 p arranged in rows Apical axis 21-34 fi. 

Distribution —In the coast of warmer seas, m Furope only in the 
Balearic Sea, Mauritius, Atlantic and Pacific coasts of America and Java 

89 Triceratium reticulum Ehrenbcrg 
(Figs 279 and 280) 

Hustedt, Rabenhorst’s Kryptogamen-F!, Bd VII Ted 1, 1930 6 p 823, 
figs. 485 and 486 

Triceratium sculplum Shadbolt, New Forms Diat, 1854 a, p 15, PI 1, 

fig. 4, 

Triceratium punctatum Bnghtwell, Further Observ Genus Triceratium, 
1856 6, p. 275, PI IX, fig 18, Pritchard, Hist Infusoria, 1861, p 856, Pi 
VI, fig 20, De Toni, Syll Alg , Vol II, 1891-94, p, 944. 
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sculpturing on the valve Fig. 277 T attfnvw* Bailey x7I0 Fig 278 T dubium BnghtwcU, 
abnormal valve, x 930 Figs 279-280 T retkuhtum Ehrenbcrg Fig 279, cell with contents, 
x710; 280 x 930 Fig 281 Biddulphia sinensis Grevillc x 83 Fig 282 7Wcerafiwii 
aitermns BaUcy A chain x710 Figs 283-284 Biddulphia pulchella Gray x328 Fig. 283* 
B rhombus (Ehrtnbtrg) W Smith Narrow girdle view x930 Figs 286-287 B moblllensis 
Bailey Fig 286, sculpturing, x930, 287, /328 Fig 288 8 hekroccros Grunow Sculptur¬ 

ing x930 Fig 289 B sinensis Grevillc x 83 Fig 290 B rhombus (Ehrenbcrg) W Smith 
Valve view x 930 

Biddulphia sculpta (Shadbolt) Van Heurck, Traitl des Diatomies, 1899, 
p. 476, PI XXr, fig 645 

Biddulphia reticulum (Ehrenberg) Boyer, Biddulphioid forms, 1900, p 724; 
Boyer, Syn N. Am Diat, 1926, p. 138, Gran, Nord Plank , Bot TetL 
Bd. VIII, 1908, p XIX 110, fig, 146 

Cells with triangular valvar plane sides measuring 28-125/*, Corners 
rounded. Cell-wall arcolate, areolae rounded, 7-12 in 10/* scattered and of 
different sizes, frequently groups of areola separated by a hyaline nng 

Distribution —Littoral region of warmer seas, ver> frequent, In Europe 
from the Mediterranean to the Scandinavian coast 

90. Trkerattum altemans Bailey 
(Figs 277 and 282) 

W. Smith, Syn . Brit . Diat , Vol I, 1853, p 26, PI V, figs 30 and 45; 
Gran, Nord. Plank., Bot Teit, Bd VHI, 1908, p XIX 110, fig 145, Hustedt. 
Rabenhorst’s Kryptogamen-Fl, Bd VII, Teil 1, 1930 h, p 825, fig. 488 

Biddulphia altemans Van Heurck, De Tom, Syll Alg , Vo) II, 1891-94, 
p. 941; Van Heurck, Traitd des Diatomies, 1899, p 475, PI XXI, fig 644; 
Boyer. Biddulphioid forms , 1900, p 719, Boyer, Syn N Am Diat , 1926, 
p. 137. 

Tricerathun variable Bnghtwell, Further Observ. Genus Triceratium, 
1856 6. p. 275, PI. XVII, fig. 19. 

Cells box-shaped with three-sided valvar plane, sides measuring 16-19/*. 
Comers rounded. Membrane areolate, areola somewhat rounded on the 
valve, 9 in 10/*, on the girdle 12 in 10/*, becoming smaller towards the 
centre of the girdle. 

Distribution —In the entire European coastal region, not rare. In the 
plankton as chains formed by mucilage secretions. 
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Subfamily Biddulphinba 

XXXI Genus Biddulphia Gray 

91 BidduJplua pulchella Gray 
(Figs 283 and 284) 

W Smith, Syn Brit Diat , Vol II, 1856, PI XLIV, fig 321; De Tom, 
Svll Alg , Vo! II, 1891-94, p 870, Van Heurck, Traitt des Diatomies, 
1899, p 470, PI XX, fig 630, Lebour, Plank Diat N Seas, 1930, p 172, 
PI III fig 3, Hustedt, Rabenhorst’s Kryptogamen-F! , Bd VII, Tell 1,1930 b, 
p 832, fig 490 

Biddulphia pulchella var major Castracanc, Diat Chall, 1876, p 102, 
PI XXIIT, fig 6 

Biddulphia biddulphiana (Smith) Boyer, Biddulphwid forms, 1900, p 694; 
Gran, Nord Plank Bot Tell, Bd VH, 1908, p XIX 104, fig 135, Boyer, 
Syn N Am Diat , 1926, p 121 

Valves elliptical with swollen margins, strongly sculptured with a few 
ribs inside. Two blunt, rounded processes at the corners; structure, areo- 
lations on both valve and girdle, on girdle arranged in rows more or less, 
4^ in 10 Apical axis 92 p in length Cells forming long or short chains 
by attachment with mucilage pads at blunt end of their processes 

Distribution— One of the commonest form in the European coastal 
region, particularly frequent in the temperate parts, becoming rare towards 
the north Found in long chains along with other types. Also in the 
plankton of Atlantic and Pacific coasts 

92 Biddulphia sinensis Greville 

(Figs 281 and 289) 

Grcvilk, Descrip New and Rare Diat , 1866, ser xix, p 81, PI, IX, fig 16; 
Gran, Nord Plank . Bot Ted, Bd VIII, 1908, p XIX, 107, fig 139, Lebour, 
Plank Diat N Sea v, 1930, p 176, fig 136, Hustedt, Rabenhorst’s Krypto - 
gamen-FI, Bd VII, Teil 1, 1930 6, p 837, fig 493; Allen and Cupp, Plank . 
Diat Java Sea, 1935, p 146, fig 81, 

Den tied la 9 sinensis De Tom, Syll Alg, Vol, II, 1891-94, p. 884 

Cells large, weakly sihcified, cylindrical, elliptical—lanceolate in valve 
view, pervalvar axis elongated Apical axis measuring 120-196/a, Girdle 
band not clearly demarcated Two thin horns at the comers of the valve 
and near each other a long thin spine Membrane very finely areolated, 
areol® in rows on the girdle. 
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V I 

Distribution.— All parts of the North Sea! Skaggerak, Cattegat, Irish 
Sea, English Channel, Indian seas, Red Sea, Hong Kong, Java, Gulf 
of Siam* 

93. Biddulphla mobdtensis Bailey 
(Figs, 286, 287, 291-296 and 299, Pt If, figs 1 and 2) 

De Tom, Syll Alg , Vol If, 1891-94, p 382, Boyer, Biddidphio id forms, 
1900, p 698; Gran, Nord Plonk Bot Teil, Bd VIM, 1908, p XIX 106. fig 
138 <*; Boyer, Syn Am Diat, 1926, p 122, tebour, Plank Dial. jV Seas, 
1930, p, 174, fig 134, Hustedt, Rabenhorst’s Kryptogamen+Fl, Bd VII, 
Ted l, 1930 A, p. 840, fig. 495, Allen and Cupp, Plank Diat Java Sea, 1935, 
p 146, fig 80 

Btddulphia Baileyi W, Smith, Syn Brit Diat, Vol II, 1856, p 50, 
PI. XLV, fig 322 t 

Cells elliptical-lanceolate in valve view, single, or forming short chains 
attached by their horns Valve and girdle /one not clearly demarcated 
Thin walled Valve horns slender and directed outwards Two long 
straight spines on each valve plated equally apart from the horns Valve 
flat between the spmes Both valve and girdle areolated, areola in regular 
rows 12 in 10jx on the valve, 18 in 10 /a on the girdle Apical axis of cells 
26-79 fi 

Auxosporcs were observed 

Distribution —Norwegian seas, all parts of the North Sea, English 
Channel, North Atlantic (European and American), Mediterranean, Pacific 
coast of America 


94 Biddulphla heteroieros Grunow 
(Figs 288, 298 and 303) 

Allen and Cupp, Plank , Diat Java Sea, 1935, p 147, fig 82. 

Cells box-shaped without a sharp constriction between valve and girdle 
zone in girdle view Horns from each pole of apical axis well developed, 
directed slightly away from per valvar axis Two strong spines on each valve 
a short distance from the horns Valve between spines slightly higher, that 
between spines and horns somewhat flat Valve surface studded with nume¬ 
rous tiny spines On lower margin of valve mantle, a hyaline collar sup¬ 
ported by ribs present Areolation almost of the same size on valve and 
girdle, in regular rows, 9 m 10 ft 

Distribution —Java Sea 



TtxT-Fkjj 291-303 ~Fip 291-296 AdAiIpkh mobUM Bliley Stages to auxospoit- 
formation. x328 Fg, 29J, cell msxk pemoakaD, 296, tttiaad atnoepot*. Note top bucIm 
ud i depontioi ooa m It Pg. 297, brim mnii Ehnotei A colony, x ft 
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Fig 298 Biddulphia heteroccrox Grunow >460 Fig 299 B mob them is Battey X 328 
Fig. 300 Isthmia enenis. Fhrcnberg Sculpturing / 328 Fig 301 Btddulphia tongicruris 
GrevtUe x 930 Fig 302 8 rhombus (threnbcrg) W Smith x 930 Mg 303 B hetero- 

ccros Grunow 460 

95 Biddulphta rhombus (Ehrenberg) W Snuth 
(Figs 285, 290 and 302) 

W Smith ,Syn Brit Diat .Vo] II, 1856, p 49, PI XLV, fig 320, PJ LXI, 
fig. 320, De Tom, Syli Alg , VoJ II, 1891-94, p 882, Van Heurck, Traiti 
des Dtatomdes , 1899 p 472, PI XX, hg 634, Boyer, Biddulphioui forms, 
1900, p 704; Gian, bford Plank , Bot Ted, Bd VIU, 1908, p XIX 108,%. 
141, Boyer, Syn N Am Diat , 1926, p 127, Lebour , Plank Dtat ISf Seas f 
1930, p. 178, fig 138, Hustedt, RabenhoM’s Kryptogamen-F! , Bd VII, 
Teil 1, 1930 b, p 842, fig 496, 497 

Cells strongly sthciikd, and strongly sculptured Valves and girdle 
zone differentiated. Hot ns stout Valves with two long spines Membrane 
areolated, areolae 9 in 10 jx on valve, 18 m 10/x on the girdle Apical 
axis 26-27 n in length 

Distribution —Coasts of England, North Sea, Holland, Belgium, 
Germany, Sweden, Denmark, North Atlantic, Atlantic and Pacific coasts of 
America, Mauritius 

96 Biddulphta longurum GrevtUe 
(Fig 301) 

GrevtUe, Dtat Cal Guano , 1859 6, p 163, PI VIII, fig 10 

Cells somewhat resembling Bithiulphta aurita, well sihcified, box-shaped, 
valvar plane elliptic to lanceolate, apical axis 20 42^ in length Valve at 
the poles of the apical axis drawn out into well developed horns. Cell waU 
areolate, arcol© 12 in 10/x on the vilve, about 18 in 10 /a on the girdle; 
radially arranged on the valve Spine one on each valve, weU developed. 

Distribution —Californian guano 

Family Isthemine* 

XXXII Genus Isthmia Agardh 
97 Isthmia enervis Ehrenberg 
(Figs 297 and 300) 

W Smith, Syn Brit Diat t Vol 11, 1856, p. 52, PI XLV1II Pritchard, 
Mist Infusoria, 1861, p 851, PI X,fig 183, VanHeurck, Traiti des Diatomies, 
1899, p. 451, fig, 175 a, Pi XIX, fig, 625; Hustedt, RabenhorstS Kryptogamen* 
R, Bd. VII, Ted 1, 1930 6, p. 866, fig. 516. 
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Text-Figs 304 315 — Figs 304-306 Ceratauhna Bergonii Peragallo, x 328 Fig 306, resting 
spore Figs 307 309 Hemiaulus Grcvillc Fig 307, a chain ^ 150, 307a, sculpturing, 

x930, 308, 309, narrow girdle view, 460, 308, resting-spore formation Figs, 310-312, 

HemUmlus Hardmann lanus (Greville) Mann Fig 310, x 710, 311, x ISO, 312, X 7*10 
Fig 313 Memiautus sinensis Greville, resting spore x 460 Figs 314-315 Hemidisau 
Herdmannitmus (GreviUe) Mann Fig 314,315, x!50. 
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Isthmietla enervts Clcve, Dial Arctic Sea, 1873 6, p 10. 

Isthmiella enervis (Ehrenberg) Clcve, De Toni, Syll . Alg , Vol II, 1891- 
94, p 834 

Jsthmia obhquata (J E Smith) Boyer, Biddulphioul forms, 1900, p 689; 
Boyer, Syn N, Am Diat , 1926, p 140 

Cells forming colonies, frustules elongated Valves without costae 
Girdle well developed Cells showing two poles, one, a foot pole by which 
attachment is effected, and the other less long and somewhat more rounded 
Valve areolated, areolae 2£ in 10^ Girdle also areolatcd, areola in rows, 
7 m 10 /a 

Distribution,— In all oceanic coasts from Arctic Seas to the Tropics 
Family Htmimjunk® 

XXXTII Genus Ceratauhna Peragallo 
98 Ccratauhna Ber^onti Peragallo 
(Figs 304 306) 

Gran, Nord Plank , Bot Ted, Bd VIII, 190H. p XtX 101. fig 132, 
Boyer, Syn h Am Diat, 1927, p 559, Lebour, Plank Diat V Seas, 1930, 
p 185, fig 144, Hustedl, Rabenhorst’s Krvptogamen-Fl , Bd Vtt, Teil, 1, 
1930 6, p 869, fig 517 Allen and Cupp, Plank Diat Java Seas , 1935, 
p 149, fig 86 

Cells cylindrical, elongated along pervalvar axis, forming long chains 
Intercalary bands difficult to see At the margin of the valve two short 
cylindrical processes with hair-likc spine on them Apertures small Cell- 
wall weakly siliceous Structure on valve not clear. Apical axis measuring 
11—26 /a 

Resting spores were observed m this form But the shape of the spore 
is very different from that figured by Husledt (1930 6, p 869, fig 517), 
probably the spores observed here were not mature 

Distribution -In the warmer seas, in Europe not rare. In the Medi¬ 
terranean very common, neritic 

XXXIV Genus Hemtatilus Ehrenberg 
99 Henna ulus sinensis Grevillc 

(Figs 307-309 and 313) 

Grcvitle, Descrip New Genera and Sp Diat, 1865 6, p 5, PI V, 
fig. 9; Hustedt, Rdbenhorsfs Kryptogamm-Fl , Bd Vli, Tcil 1, 1930 6, 
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p. 875, fig. 519; Allen and Cupp, Pimk. Diat Java Sea, 1935, p. 150, 
fig 88 

Hemiaulus Heibergii Cleve, Diat Sea of Java, 1873 a, p. 6, PI. 1, fig. 4; 
De Toni, Syll Alg., Vol. 0,1891-94, p 837. 

Cells flat with broadly elliptical valvar plane, forming long chains by 
attachment with the processes of adjoining cells Apical axis measuring 
23-38 /*. Cell wall strongly silicifled, areolated, areola in somewhat radial 
rows; at the centre of the valve about 6 in 10/*, near margin 9 in 10/*. 

Distribution -Nentic in the coastal region of warmer and southern seas; 
ui Europe only m the Mediterranean 

Family Euodimb 

XXXV Genus Hemdism Wallich 
100 Hemidisuts Hardmmuanus (Greville) Mann 
(Figs. 310-312 and 314-315) 

Allen and Cupp, Plank. Diat Java Sea, 1935, p. 152, fig. 91. 

Pabneria Hardmamiana Greville, Descrip, New and Rare Diat., 1865 a, 
p.l.PUfig 1-4. 

Valves semicircular, ventral margin straight. Ends obtuse Central 
area somewhat large and hyaline. Areolation fine, radiating from the centre, 
about 12 in 10/i. Spmulae around the margin, with hyaline ribs arising from 
them and running to the centre. 

Distribution.—Jm Sea 
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PART n 

Bacillariophyta (Dietomec) 

Order' Pennales 
S ub-order Araphidinm 
Family. Fragilarioide* 

Sub-family: Tabellanea 
Tabetlarunea 

XXXVT Gmus Rhabdonema KutZing 
101 Rkabdortema mirtficum W Smith 
(Figs 316, 318 and 319) 

W Smith, Syn Brit. Dmt , Vol H, 1856, p 35, PI XXXVIII, figs. 
305 b, 305 a', b Walker-Annott, On Rhabdonema, 1858 a, p 92; BrightwelJ, 
Rarer or undescrib Dwt , 1859, p 180, PI IX, fig 11, Pritchard, Hist 
infusoria. 1861, p 805, PI VIII, fig 12 

Climacosira mirifica (W. Smith) Grunow, De Tom, Syll Alg, Vol. II, 
1891-94, p 765; Van Heurck, Traiti des Diatomies , 1899, p 361, fig 112 

Rhabdonema punctatum (Huv and Bailey) S^oddar, Boyer, Siw N, 
Am Dtat , 1926, p. 150 

Cells in girdle view ribbon-shaped with hyaline rounded comers forming 
more or less long bands Intercalary bands numerous Valves linear, 
81-117#* long, transversely striate, striae 12-15#* Valve view was not 
observed 

Distribution —Ceylon, Miuntius, Red Sea; Tahiti, Honduras, Pacific 
Ocean; in the fossil of “ Nankoon *\ 

XXXVT1 Genus Striateiia Agardh 
102. Striateiia delicatula (Kutzuig) Grunow 
(Figs 317 and 321) 

Pritchard, Hist. Infusoria , 1861, p 804, PI XIV, fig. 42; Van Heurck, 
Traiti des Diatomies , 1899, p 363, P) XII, fig, 483; Boyer, Syn N. Am . 
Oiat , 1926, p. 161; Hustedt, Rabenhorst*s Kryptogamen-Fl., Bd VII, Tcil 2, 
1931-32, p. 34, fig. 51. 

Frustules rectangular, angles rounded, divided into partitions by septa 
which alternate on each side Valves 14-18#* long Stria not clearly 
visible. 
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Fig. 321 StriateUa dellcatula (Kiitz) Gruoow < 930 Fig 322 Ciimacosphenia monlligera 
Ehrenberg, sculpturing x 930 Fig 323 Cl ebngata Bailey, valve view free end x 220, 
Fig 324 Grammatophora undulata Ehrenberg, valve view < 428 Fig 323 Climacotphettla 
monihgera Ehrenberg, a colony x S3 Pig 326 Grammatophora undulata Ehrenberg <710 
Figs 327, 328, 329 Cllmacosphema elongate Bailey ’ 220 Figs 330—332 Llcmophora abbre¬ 
viate Agardh x 710 Fig 330, valve view, 331, girdle view and 332, valve view different focus 
Figs 333-334 Chmacovphertta monthgera Phrenbcrg '2M fig 33S Ct ebngata Biwley, 
valve view, base of cell 

Distribution — Ephiphytic on marine alg* in the European coastal 
region from Mediterranean to North Sea; Greenland 

XXXVIII Genus Grammatophora Ehrenberg 
103 Grammatophora undulata Ehrenberg 
(Figs 320, 324 and 326) 

Kutzing, Sp Alg . 1849, p 121, Rabenhorst, FI Eu Alg PI I, 1864, 
p 303, De Tom, Syll Alg, Vol II, 1891-94, p 753; Boyer, Svn AT Am , 
Diat , 1926, p 156, Hustcdf, Rubenhorst’s Kryplogamen-Fl , Bd VII, 
Tcil 2, 1931'32, p 48, fig 576 

Frustules quadrangular with rounded angles, septa slightly undulate 
Valves linear-oblong, several times constricted in longer individuals, broad 
and widened m the middle, ends capitulate, 18-71 /t long, 10 5p broad. 
Stria not clearly visible 

Distribution —In the coists of warmer seas, in Europe only n if c 
Mediterranean, West Indies, Coast of Birbados, Pacific Ocean 

Lumopkorinet 

XXXIX Gcnu> Ltcmophora Agardh 
104 Litmophora abbreviate Agardh 
(Figs 330 332} 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd VTI, Tcil 2, 1931-32, p 66, 
fig 590 

Podosphenta Lyngbyei Kutzing, Sp Alg , 1849, p 110, 

Podosphema abbreviata (Agardh) Kutzing, Rabenhorst, FI Eu Afg„ 
PI I, 1864, p 298, 

Ltcmophora Lyngbyei (Kutzing) Grunow. Van Heurck, Tratti des 
Diatomies, 1899, p 344, Gran, Plank Nord , Bat Ted , Bd VIII, 1908, 
p XIX 121, fig. 164, Boyer, $yn N Am . Dtat , 1926, p 169, Lebotir, 
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Plank Diat N Seas , 1930, p 203, fig, 165; Allen and Cupp, Plank Dial. 
Java Sea, 1935, p. 153, fig 92 

Liemophora Lyngbyei (Kutztng) Grunow var abbreviata (Kutzmg) 
Grunow, De Tom, Syll Alg., Vol, II, 1891-94, p 735; 

Frustules in girdle view cuneate with strongly rounded angles Lower 
end attached to mucous stalk, cells forming colonies Setpa projecting into 
the cell. Valves oblanceolate with margins sub-parallel towards the apex 
and narrowed and elongated towards the base, 28-75 /a long and 8-U p 
broad Pseudoraphe distinct Strise 12 m 10 /a at the base, about 15 near 
the apex 

Distribution —'The European coast; m North America, Atlantic and 
Pacific coasts, Baltic Sj a. 

XL Genus Climacosphenia ? Ehrenberg 
105 Cllmaiosphenia momhgera Ehrenberg 
(Figs 322, 325 and 333-334) 

Kutzmg, Sp Alg, 1849, p 114; De Toni, Syll Alg , Vol, TI, 1891-94, 
p 740; Boyer, Syn V. ^4m Diat, 1926, p 171; Hustedt, Rabenhorst’s 
Kryptoganten-Fl , Bd VH, Tell 2, 1931-32, p. 89, fig 625 

Climacosphenia australis Kutzmg, Sp Alg , 1849, p 114, 

Climacosphema catena Shadbolt, Descnp New Forms of Diat , 1854 a, 
p 17, PI I, fig 15 

Frustules on short branched mucilage stalks, epiphytic, forming colo¬ 
nies; cuneate, narrow with upper margin rounded at the angles; base 
truncate. Septa two, with numerous foramina which are rectangular or sub¬ 
quadrate Valves clavate, rounded at the apex, elongated below, traversed 
longitudinally by two parallel lines; 98-308 m long, 25 m broad at the top 
and 7-10/a at the base; striated, stria: on the valves 21 in 10 m, finely 
punctate Stria on girdle more coarsely punctate and about 15 in 10/*. 

Distribution —Very widely distributed and frequent in the coast of 
warmer and southern seas; in Europe m the Mediterranean only ; Gulf of 
Mjxico, Cuba. Barbados, Honduras and California 

106 Climacosphenia elongata Bailey 
(Figs, 323, 327-329 and 335) 

De Tom, Syll Alg , Vol II, 1891-94, p 739; Boyer, Syn N Am. Diat., 
1926, p. 172, Hustedt, Rabenhorst’s Kryptogamen-Fi, Bd, VII, Tell 2, 
1931-32, p 90, fig 626. 
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Frustules cuncate, narrow, with slightly rounded angles and truncate 
bases. Valves claVate, rounded at the apex and very much elongated below, 
traversed by two parallel longitudinal lines, 784 p long Upper broader 
part short, 28/4 broad and rather suddenly diminishing m breadth lower 
down and becoming linear; lower part about 9/4 broad Valve striated, 
striae fine, 21-24 in 10/t 

Distribution —Florida, Atlantic coast southward 
Sub-family Fragiianeae 
Fragdariina 

XLI Germs Fragilana Lyngbye 
107 Fragdaria oceanica Cleve 
(Figs 336-339) 

Cl eve, Dmt Arctic Sea, 1873 6, p 22, PJ IV, jig 25, D- Tom, Syll 
A!*, Vo) II, 1891-94, p 685, Gran, Nord Plank, Bot Ted, Bd VIII, 1908, 
p XIX 114, fig 154; Boyer, Syn N Ant. Diat, 1926, p 185, Libour, 
Plank Diat N Seas, 1930, p 193, fig 153, Hustedt, Rabenhorst’s Krypto- 
gamen-Fl, Bd VII, Ted 2, 1931-32, p 148, fig 662 

Fragdaria arettea Grunow, Cleve and Grunow, Beitrdge z Kenntniss 
Arct Diat , 1880, p 110, PI VII, fig 124 

Frustules m girdle view linear-rectangular, forming a very compact 
ribbon-like chain Valves broadly lanceolate, with rounded ends, 11 5- 
31*5/4 long, 6*5/4 broad Transapical striae delicate, towards the middle 
slightly fainter, 14 in 10/4, punctate, punctae 15-18 m 10/4 Pseudoraphe 
narrow, linear 

Most of the earlier authors do not appear to have recognised the punctate 
nature of the striae Cleve and Grunow (1880, p 110) alone state that the 
stritt in F arctica Gunow (Syn ) are punctate near the margin 

Distribution —Usually m the coast and among ice in polar seas; Davis 
Strait, Russia, Norway, Denmark, England and Gulf of Maine 

XLI1 Genus Rhaphoneis Ehrenberg 
108 Rhaphoneis amphkero ? Ehrenberg 
(Figs 340 and 341) 

Rabenhorst, FI Eu Alg, pt I, 1864, p 126, De Tom, Syll Alg, Vol II, 
1891-94, p. 699; Boyer, Syn N. Am Diat , 1926, p 190; Hustedt, Raben- 
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horst’s Kryptogamen-Fl , Bd VII, Teil 2, 1931-32, p. 174, fig. 680; Allen 
and Cupp, Plank Dlat Java Sea, 1935,, p 153, fig 93, 

Doryphora amphiceras Kutzing, Sp Alg, 1849, p 50, W, Smith, Syn 
Brit Diat, Vol I, 1853, p 77, 

Rhaphoneis lusitamca Rabenhoist, FI Eu Alg , pt I, 1864, p. 126 

Rhaphoneis amphiceros var rhombica Grunow, Van Heurck, Traiti des 
Diatomies, 1899, p 330, PI X, fig 394 

Frustules lanceolate, inflated at the centre, 26*5-40/* long, 16 5-23/* 
broad Transapical striae 9 in 10/*, punctate Pseudoraphe narrow, 
linear 

Distribution —In the Atlantic coast of Europe, recorded also m 
brackish water 


109. Rhaphoneis discoides sp nov 
(Figs 347 and 350) 

Frustules almost circular, 18-45/* in diameter Valve areolated. 
Areolae close together, square, pentagonal or hexagonal m outline, some¬ 
what radially arranged, all not of the same size, size slightly diminishing 
from the periphery to the centre, 6-9 m 10/* Pseudoraphe very narrow in 
the centre and slightly dilated at the poles Chromatophores numerous, 
disc-shaped 

The cells grow attached to particles of dirt or other alg® Common in 
the plankton 

This species differs from the others, viz, Rhaphoneis Surtrella (Ehren- 
berg) Grunow, R amphiceros Ehrenberg, R Belgica Grunow, and R. nitida 
(Gregory) Grunow in being almost circular in shape whereas the above 
forms arc boat-shaped or elliptical in outline The areol® in the present 
form are close together, square, pentagonal or hexagonal in shape, radially 
arranged; all not of the same size, size slightly diminishing from the peri¬ 
phery to the centre, whereas the structure in the above forms is quite 
different—the valves being punctate, the punct® placed apart and almost 
of the same size and round Chromatophores numerous, disc-shaped. 
The cell at first glance looks like a Coscinodlscus 


Distribution —Plankton of the Madras coast. 



167 


Martne Plankton Diatoms of the Madras Coast 

XLIIL Genus Syrtedra Ehrer.bcrg 
Sub-genus Ardtssonla De Notans 
110 Synedra formosa Hanizsch 
(Figs 342, 343 and 348) 

Boyer, Syn N. Am Diat, 1926, p 209, Hustedt, Rabenhorsfs Krypto - 
gamen-Fl, Bd Vll, Teil 2, 1931-32, p 233, fig 720, 

Ardissonia formosa (Hanlzsch) Grunow, De Tom, Syll Alg , Vol II, 
1891-94, p 675, 

Valves linear, gradually attenuate to the rounded ends, 140-300 p 
long, 18-20fi broad Transapical striae robust, 9 in 10ju Cell wall porous, 
pOies enclosed inside, and appearing as small openings Valves With 
three longitudinal ribs, hence, there being four series of openings, in the 
marginal series the openings lie more towards the sides Outer membrane 
finely areolate-punctate Between two ribs lie double series of areolae 

In the present form, in one of (he specimens a disturbance in the arrange¬ 
ment of the transapical striae in the middle was observed so that a sort of 
central nodule was seen (Fig 342) 

Distribution —East Indian Archipelago, Honduras, Vera Cruz, Littoral 
in the coast of warmer seas In the region of the coast of south Europe 
XLIV Genus Thallassionema Grunow 
Ill Thai lass toncma nitzschioides Grunow 

(Figs 344- 346) 

Van Heurck, Traitd des Diatomies, 1899, p 319, fig 75, Hustedt, 
Rabenhorst’s Kryptogamen-Fl, Bd VII, Ted 2, 1931-32, p 244, fig 725 

Tkallassiothrix curvata Cistracane, Diat Chall , 1886, p 55, PI XXIV, 
fig 6; De Toni, Syll Alg , Vol II, 1891-94, p 672 

Thallasslotkrix nitzschioides Grunow, Van Heurck, Traitd des Diatomies, 
1899, p 314, Pi X, fig 434, Gran, Nord Plank , Bat Ted , Bd Vfll, 1908, 
p XIX 117, fig 158, Labour, Plank Diat V, Seas, 1930, p 199, fig 160, 
Allen and Cupp, Plank Diat Java Sea, 1935 p 154, fig 96 

Thallamothrix Frauenfeldn Cleve, Plank Cihco Diat , 1894-95, p. 6 

Synedra nitzschioides Grunow, Boyer, SVn N. Am Diat , 1926, p 207 

Frustuies united into zig-zag chains Cells m girdle view linear-rect¬ 
angular, m valve view linear-lanceolate, both poles alike, 21-64 5p long, 
ip broad Marginal stria 12 in 10 p 
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X710; M3, X 930 Figs 344-346. Thallasslonema Nttzschtotdes Grunow Figs 344, X 710; 
M5, X460, 346, x930 Fig 347 Rhaphoneh discoides *p nov A colony Cells attached to dirt 
particle X460 Fig 348 Synedra formoia Hantzsch x325 Fig 349 Thallassiothrix Frauen- 
feldii Grunow x930 Fig 350 Rhaphonets dhcoldet sp nov x 710 Fig 351 Thallasslothrlx 
Frauenfeldll Grunow x930 Figs 352-353 T longlsslma Cleve et Grunow x 930 Fig 352, 
valve view, base of cell, 353, valve view distal end Figs 354-357 T Frauertfeldd Grunow. 
Fig 354, 355, x460, 356, 357, colonies, x!50 Figs 358-359 T hngissima Clevo ct Grunow 
Fig. 358, two cells X53, 359, x930 

Distribution —Pelagic in the coastal plankton of the European seas; 
in the North Atlantic abundant; North Sea, Holland, Russia, Norway, 
Sweden, Denmark, Germany, Finland, Mediterranean, North Atlantic coast 
of Europe and America and California 

XLV Genus Thallassiothrix Clcve and Grunow 
112 Thallassiothrix longisslma Clevc and Grunow 
(Figs 352, 353, 358 and 359) 

Cleve and Grunow, Beitrdge z Kenntniss d Arct Diat , 1880, p 108, 
De Tom, Syll Alg , Vol. n, 1891-94, p 672, Van Heurck, Traiti des Dia¬ 
tomies, 1899, p 322, fig 78, Lebour, Plank Diat N Seas , 1930, p 199, 
fig 159, Hustcdt, Rabenhorst’s Kryptogamen-Fl , Bd VII, Teil 2, 1931-32, 
p 247, fig 726 

Synedra Thallassiothrix C!cY,\ Diat Arct Sea , 1873 b, p 22; Boyer, 
Syn. N Am Diat, 1926, p 207 

Frustules free, thread like, often slightly curved Valve linear, ends 
rounded, 504-1624ft long, 2 5 /a broad Marginal stria about 14 in 10 /a 

Distribution —Oceanic plankton form in the North Atlantic, Arctic 
Sea, coasts of Scotland, Belgium, Russia, Germany, Norway, Sweden, 
Denmark, Mediterranean, California and Antarctic 

113 Thallassiothrix Frauenfeldti Grunow 
(Figs, 349, 351, 354-357 and 360) 

Cleve and Grunow, Beitrdge z Kenntniss d Arct Diat , 1880, p 109; 
Castracane, Diat Chall , 1886, p 54, PI XIV, figs 7, 8,DeTom, Syll Alg , 
Vol II, 1891-94, p 672, Van Heurck, Traiti des Diatomies, 1899, p 322, 
PL XXX, fig 839, Gran, Nord Plank , Bot Teil 1908, p XIX 116, fig 159, 
Boyer, Syn N Am Diat,, 1926, p 214, Lebour, Plank Diat N Seas , 1930, 
p 200, fig 161; Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd VII, Teil 2, 
1931-32, p 247, fig 727; Allen and Cupp, Plank Diat, Java Sea, 1935, 
p 154, fig- 97, 



170 R* Subrahmanyan 

Asterwnella Svnedroeformis Greviile, Descrip New Genera and Sp. 
Hong Kong , 1865 b, p 4, Pi V, figs 5, 6 

Frustules fornung stellate or zig-zag chains, or both tendency in the 
same chain, in girdle view linear, both the poles distinct and dissimilar, 
98-210/* long Marginal striae 12 in 10/* 

Distribution .—Predominating in the warmer seas, coastal plankton of 
the Mediterranean; rare in the North Atlantic, coasts of England, Scotland, 
Belgium, Russia, Germany, Norway, Sweden, Denmark, North Atlantic 
coast of America 

XLVI Genus Asterionella Hassal 

114 Asterionella japonica Clevc 
(Figs 361 and 371) 

Gran, Nord Plank, Bot Teil, Bd VIII, 1908, p XIX 118, fig 160, 
Boyer, Svn N Am Dial , 1927, p 560, Lebour, Plank Dial N Seas, 1930, 
p 195, fig 155, Hustedt, RabenhorsLs Kryptogamen-Fl, Bd VII, Teil 2, 
1931-32, p 254, fig 734; Allen and Cupp, Plank Diat Java Sea, 1935, 
p 155, fig 98, Venkataraman, S / Dial , 1939, p 309, fig 34 

AsterionellaglaciahsCsu>tr c [a\tK, Diat CW/,1886, p 50, PI XIV, fig 1, 
De Tom, Syll Alg , Vol II, 1891-94, p 679 

Frustules linear, narrow with parallel sides, broadened at the base, 
forming spiral colonies; 46-103/* long, 7-10/* broad The stn® are very 
difficult to discern. 

Distnbution — In the coastal plankton of the European seas widely 
distributed, and not rare, in the southern North Sea rather frequent; 
California, Java; also recorded m brackish water 

Sub-order Monoraphidm 
Family Achnanthoideas 
Sub-family Cocconeideae 
XLVI1 Genus Cocconeis Ehrenberg 
Sub-gemis Cocconeis 

115 Cocconeis sigmoides sp. n ov 
(Figs. 364 and 365) 

Cells elliptic, 18/* long, 10/* broad Raphe-less valve with slightly 
radial transapical striae, striae about 18 in 10/*. The transapical striae crossed 
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by five longitudinal stri® Pseudoraphe very narrow Valve with raphe, 
with slightly radial punctate striae, about 20 m 10/* Raphe somewhat 
sigmoid Axial area narrow, Central area slightly extended sideways 

This species does not agree with any of the previously described species. 
The only form which comes near this is Cocconets scutellum var stauronei- 
*formis W Smith with which the present foim shows a slight resemblance 
m structure, but the raphe m the present form is somewhat sigmoid whereas 
in the variety mentioned above the raphe is straight {cf Hustedt, 1931-32, 
p 339, fig 792) 

Distribution — Plankton of the Madras coast 

116 Coccotteis littorals sp nov 
(Figs 368-370) 

Cells epiphytic on Poly aphonia, broadly elliptic, about 20-40/* lorg 
and IS-30/* broad Raphe-less valve with three well-defined hyaline areas 
demarcated by strated bands, the strne being unequal in length, stria: with a 
dot-like thickening at the centre Marginal stnas also varying in length, 
about 21 m 10/* Valve with raphe with somewhat radial punctate strue, the 
punctffl of one alternating with those of the adjacent one giving a sort of 
areolate appearance, striae about 21 in 10/* Raphe sigmoid Axial area 
narrow dilating into a very small central area 

This diatom does not agree with any other species so far described 
The valve with Atphc shows a resemblance to the similar valve of C dtrupta 
Gregory (cf Hustedt, 1931-32, p 354, fig 809 a) but differs from it the 
punctation of the stri© The punctae in the present form alternate with 
those of the adjacent striae and are close together presenting a hexagonal 
outline, whereas in C dtrupta the puncta* arc in wavy longitudinal senes. 
Again, this valve shows a distant resemblance to that of C deetpiens Cleve 
(1873< 7 , p, 14, PI I, fig 6, Hustedt, 1931-32, p 353, fig 808), but differs 
from it in not having the central area extended sideways The raphe-ie*s 
valve shows a superficial resemblance to that of C heteroidea Hantzsch (cf 
Hustedt, 1931-32, p 356, fig 811) In the latter Diatom there are five 
hyaline areas separated by striated bands, the middle one being larger than 
the others whereas in the present form there are only three areas separated 
by striated bands and these are of i lmost the same size 

Distribution —Plankton of the Madras coast, 
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Sub-family Achnanthace® 

XLVin Genus Achnanthes Bory 
Sub-genus Mlcroneis Cleve 
117 Achnanthes Stromil Hustedt 
(Figs 362-363) 

Hustedt, Rabenhorst’s Kryptogamen-Fl , Bd VII, Teil 2, 1931-32, 
p 393, fig 841 B. 

Valves lanceolate with scarcely drawn out rounded ends, 35-41/i long, 
13—17 fx broad Raphe less valve with robust transapical nbs, perpendi¬ 
cular to the middle line, crossed by delicate longitudinal ribs. Pseudoraphe 
long, linear Valve with raph® with thread-like raphe, axial area narrow, 
widened in the middle a little Central area a small cross band, about half 
the valve breadth. Transapical stn® throughout radial, 18 m 10/i, around 
the central nodule of varying length 

Distribution —Norway 

Sub-order Biraphid&e 
Family Naviculoide® 

Sub-family Navicule® 

XL1X Genus Mastoglola Thwaites in W Smith (1856) 

118 Mastoglola exilis Hustedt 
(Figs 366 and 367) 

Hustedt, Rabenhorsfs Kryptogamen-Fl , Bd VII, Teil 2, 1931-32, 
p 553, fig 985 

Valves lanceolate with more or less constricted, bluntly rounded ends, 
19—21 ft long, and 10/a broad Raphe straight, axial area very narrow. 
Central area widened and connected to two small half-lanceolate areas, 
together forming an H-shaped figure Transapical stri® fine, radial, 21-24 
in 10/x Loculi bigger in the middle, l -5/i broad, 5-6 in 10/i. The outer- 
most ones slightly smaller, all loculi with convex inner border 

Distribution —Indo-Malayan Archipelago 

119 Mastogloia minuta Greville 

(Fig 372) 

Greville, New Diat West Ind, 1857, p 12, PI IH, fig. 10; De Tom, 
Syli Alg Vol II, 1891-94, p, 317; Cleve, Syn Nav . Diat 1895, p 151; 
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Boyer, Svn N Am Diat , 1927, p 339; Allen and Cupp, Plank Diat Java 
Sea, 1935, p. 160, fig 114. 

Valves elliptical, with produced apicuiatc ends, 21-23/x long, 8~10|fx 
broad Loculi 6 in 10fx, equal in size, quadrate, extending to apiculate ends, 
Stn® fine 

Distribution —West Indies, Trinidad, Honduras, Bahamas 
L Genus Gyrougma Hassul 
120 Gyrougma balticum (Ehrenberg) Rabenhorsl 
(Figs 373-375) 

Clevc, Syn. Nav Diat , 1894, p 118, Boyer, Syn N Am Dtat > 1927, 
p 456; Hustedt, Paschcr’s Smswawer-Fl , 1930 a, p 224, fig 331, Venkata- 
raman, S 1 Diat, 1939, p 318, figs 71 and 72 

Pieurosigma balticum W Smith, Svn Brit Dtat, Vol I, 1853, p 66, 
PI XXT1, fig 207, Pritchard, Hist Infusoria, 1861, p 917, PI Vlll, fig 33; 
Rabcnhorst, FI Eu Alg , 1864, pt I, p 235, De Toni, Svlf Alg , Vol U, 
1891-94, p, 249 

Valves linear with obliquely truncate and obtuse ends, 294~332jx long, 
29-38/x broad Raphe 'lightly excentric and somewhat llexuose. Central 
a:ca small, oblique Transverse and longituoinal stride equidistant, 12 m 

10/x. 

Distribution — In salt waters, common, frequent in all the coasts; 
Baltic Sea, Atlantic and Pacific coasts of America; also recorded in brackish 
water m Madras 


LI Genus Pieurosigma W Smith 
121 Pieurosigma galapagense Cleve 
(Figs, 376 and 377) 

Cleve, Syn Nav Diat, 1894, p 36, PI IV, fig, 16; Boyer, Syn N Am 
Diat , 1927, p 468 

Valves scarcely sigmoid, lanceolate, tapering from the middle to the 
sub*acute ends, 74 5-140/x long, 14—28/x broad. Raphe slightly sigmoid, 
central. Transverse stn® 18 m 10/x and oblique striae 15 in I0*x 

Distribution.— Galapagos Islands, 



Text-Figs 360-379—Fig 360 Thallasslothrlx Frauenfeldii Grunow x83. Fig. 361. 
Asterkmelh Japonica Cleve, a colony x 130 Figs 362-363. Achananthes Stromil Hutted t. 
x930. Fig*. 364-365. Coccentii sigmoidts sp nov. x930 Figs. 366-367. Mastogbla exllit. 
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Huftodt, valve and girdle views x930 Fi gs 368-370 Cocconeis littoralis cp nov x930. 
Fig. 370, finer structure of stri* Fig. 371 Asterionelta japonica Cleve x460 Fig 372 
Mastogloia minuta Greville x 930 Figs 373-373 Cyrosigma baltlcum (Ehrenbcrg) Raben- 
horat. Ftg 373, x 150, 374, 150, 375, sculpturing, x 930 Figs 376-377 Pleurosigma 
gaiapagense Cleve Fig 376, x93Q, 377, x460 Figs 378 379 P tformantl Ralfs Fig 378, 
X220, 379, x328. 


122 Pleurosigma elongatum W Smith 
(Figs 380-382) 

W Smith, Notes Diat Pleurosigma, 1852, PI 1, fig 4, Svrt Brit Dial, 
pt 1, Vol I, 1853, p. 64, PI XX, fig 199, Rabenhorst, FI Eu Alg , 1864, 
pt. I, p 234, Cleve and Grunow, Bettr&ge z Kenntniss Arct Diat, 1880, 
p. 50, Cleve, Syn Nav Dial , 1894, p 38, Van Heurck, Traiti des Diatomies, 
1899, p 253, PL VI, fig 262, Boyer, Syn N Am Diat, 1927, p 470, Allen 
and Cupp, Plank Diat Java Sea , 1935, p 157, fig 105 

Pleurosigma angulatum W Smith var elongatum (W Smith) Van 
Heurck, De Tom, Syll Alg , Vol II, 1891-94, p 223, 

Valve slightly sigmoid, elongated, gradually attenuate, ends acute, 
210-392 m long, 32-39^ broad Raphe central, slightly sigmoid Since 
21 in 10 p 

Distribution —England, Atlantic coast o( America, Java Sea 
123 Pleurosigma Normaml Ralfs 
(Figs 378, 379, 385 and 387) 

Pritchard, Hist Infusoria , 1861, p. 919, Rabenhorst, FI Eu Alg , 1864, 
pt I, p 236; Cleve and Grunow, Beitrcige z Kenntniss Arct Diat, 1880, 
p. 14, p 52, PI III, fig 67, Cleve, Sym Nav Diat , 1894, p 40; DeTou, Syll 
Alg,V ol II, 1891-94, p 237, Boyer, Syn N Am Diat, 1927, p 471, Allen 
and Cupp, Plank Diat Java Sea, 1935, p 157, fig 106 

Pleurosigma affine Grunow var Normanii (Ralfs) Van Heurck, Traiti 
des Diatomies, 1899, p 252 

Valve broadly lanceolate, slightly sigmo’d with sub-acute ends 196-322 
long, 41-60 /a broad Transverse striae 21 in 10/a, obhque striae 18 in 10/x 

Distribution —Europe, Atlantic coast of America, Java Sea 
124, Pleurosigma angulatum (Quekett) W, Smith 
var strigosa (W Smith) Van Heurck 
(Figs. 383-384) 

Van Heurck, Tratti des Diatomies, 1899, p 251, PI VI, fig, 261; Cleve, 
Syn, Nav Diat, 1894, p 41; Oe Tom, Syll Alg , Vol IT, 1891-94, p 233; 
Allen and Cupp, Plank Diat Java Sea , 1935, p. 158, fig. 108 
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Pleuroslgma strfgosum W. Smith, Notes Diat Pleurosigma , 1852, p. 7, 
PI T, fig 6; J9Tr/r Diat, No] I, 1853 p 64, PI XXI, fig 203; Raben- 
horst, FI Eu Alg, 1864, pt I, p 232; Boyer, Syn, N Am Diat , 1927, p 472, 

Pleurosigma (strlgosum var ?) convexum Grunow, Clcve and Grunow, 
Beitr&ge z Kenntniss Arct Diat., 1880, p 50, De Toni, SyU Alg , Vol. II, 
1891-94, p 233 

Valves lanceolate, slightly sigmoid, ends sub-acute, 1 16 /j. long, 16-5/t 
broad Raphe more sigmoid than valve, excentric near the ends. Trans¬ 
verse and oblique striae equidistant, 18-21 m 10/t 

Distribution .—England, Italy, Sicily, Fmmark, Adriatic Sea, Medi¬ 
terranean, Baltic 

125 Pleurosigma aestuarii Brebisson 
(Figs. 386, 393 and 394) 

W Smith, Syn. Brit Diat , Vol I, 1853, p 65, PI XXXI, fig 275; 
Rabenhorst, FI Eu Alg , 1864, pt I, p 234; Cleve, Syn Nav Diat , 1894, 
p 42; Boyer, Syn N Am Diat , 1927, p 472 

Pleurosigma angulatum var asstuaru (Br£bisson) Van Heurck, Trait i 
des Diatomies , 1899, p 251, PI VI, fig 258; Dc Tom, Syll. Alg , Vol IT, 
1891-94, p 232 

Valves lanceolate, gently sigmoid, with slightly produced ends 60*83ft 
long, 16—20/* broad Raphe more sigmoid than the valve; excentric. 
Transverse and oblique stria equidistant 18-21 in 10ft 

Distribution —England, Fmmark, Italy, Lusitania, France, Atlantic 
and Pacific coasts of America 

126 Pleurosigma carmatum Donkin 

(Fig 388) 

Donkin, Marine Diat > 1858, p. 23, PI III, figs 5 a and b; Cleve, Syn 
Nav Diat , 1894, p. 44; Boyer, Syn N. Am Diat , 1927, p 475 

Donkmia carimtum Ralfs, Pritchard, Hist Infusoria , 1861, p 921, 
pt I, PI. VIII, fig. 49, Rabenhorst, FI Eu Alg , 1864, pt. I, p. 242, Van 
Heurck, Traiti des Diatomies , 1899, p 248, PI XXXV, fig 286 

Valves convex, linear-lanceolate, acute at the ends, 53*60/t long, 8/* 
broad Raphe on elevated keel, diagonal m the centre and closely following 
the margins Stnse 21*24 m 10 ft 

Distribution,— England, Davis Strait. 
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127. Pleurosigma directum Granow var. membranacea var. nov. 

(Figs 389-392) 

Frustules hyaline, membraneous easily breaking down Valves lanceo¬ 
late, slightly sigmoid, 238-518 /* long, 39-56u broad Raphe very faint, 
axial area very narrow, central area almost invisible Structure on the valve 
very difficult to make out; punctate as m the other species Chromato- 
phores two tong dissected bands. This form differs from the type (cf. 
Karstcn, 1907, p 127, Taf XVIXI, fig 5 a , b, c), in haung the raphe more 
sigmoid Further the cells taper somewhat more from the centre to the 
poles than in the type 

Distribution —Plankton of Madras coast 

LTT Genus Caloneis Cl eve 
128, Cabneu madraspatensts sp nov 
(Fig 396) 

Valves linear-elliptical with slight transapical contraction of the border 
at the centre and blunt, boat-like rounded poles Raphe straight Axial 
area small, lanceolate, dilating mto a large elliptical central area, which has 
on either side of the nodule a crescent-shaped figure, in which the sin® 
continue fdintly Striae 15 in 10/*, near the margin cut by a long line 

This form doe& not resemble any of the forms so far described in all 
respects. However, it resembles C Schroeden Hustedt (1930 a) in shape 
and C. Schumanmana (Grunow) Cleve in structure 

Distribution —Plankton of Madras coast 

LITI Genus Diploneis Ehrenberg 
129. Diploneis Weissflogu (A Schmidt) Cleve 
(Fig 397) 

Cleve, Syn Nav Diat , 1894, p 91; Boyer, Syn N Am Diat, 1927, 
p. 351 

Navtcula Weissflogii A Schmidt, Van Heurck, Trait d des Diatomic , 
1899, p 194, Pi, IIL fig 148; Dz Tom, Syll Alg , Vol II, 1891-94, p 75; 
Allen and Cupp, PlanJc Diat Java Sea , 1935, p. 156, fig 100, 

Valves strongly constricted, with sub-elhptical ends, 28-54/a long, 
10*24/* broad, and at the constriction 7-14/* broad. Central nodule with 



rEXT-FKS* 380-399—Figs 380-382. Pleurostgma elongatum W Smith Fig. 380, 381* xl 
x930 Figs 383—384 P angulatum var. strigosa (Smith) Van Heurck* Fig 383, x9 
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Fig, 387 Pleurosigma Normami Ralfs Schematic representation of sculpturing. Fig. 388 
P carinalum Donkin x 710 Fig* 389-392 P directum Grunow var membranacea var nov 
Fig. 389, X 150, 390, x 220, 391, x 460, 392, x 220 Fig* 393-394 P, mstuant Brtbtason 
Fig. 393, X930, 394, / 460 Fig 395 Dlplonels paella (Schumann?) Cleve x 930 Fig 
396 Colonels madraspatensis sp nov x 710 Ftg 397 Dlplonels Weissftogii (A Schmidt) Cleve. 
x930. Fig. 398 Dlplonels fusca var subrectanguiaris Cleve, x 710 Fig. 399 D SmithU 
(Brdbissoa) Cleve x930 

approximate horns Transverse cost© 9 in 10/*, crossed by equidistant 
longitudinal costa curved outwards in the middle of the valve 

Distribution —Sandwich Islands, Singapore. Java, Ceylon and Blanken- 
berge 


130 Diploneis puella (Schumann 1867?) Cleve 
(Fig 395) 

Cleve, Syn Nav Diat , 1894, p 92, Boyer, Syn N Am Diat, 1927, 
p 355, Hustedt, Pascher’s Susswasser-FI, 1930 a, p 250, fig 394. 

Navicula elliptica Kutzmg var 7 puella Schumann, De Toni, Syli Alg. t 
Vol II, 1891*94, p 90 

Navicula ( Diploneis) puella Schumann, Schdnfeldt, Pascher’s Susswasser- 
Fl , 1913, p 67, fig 121 

Valves elliptical, 16 5 p long, 10/x broad. Central nodule large, 
quadrate, horns clear Furrows narrow, m the middle scarcely broader, 
slightly dilated around the central nodule Cost© slightly radial, 12 in 10 p, 
with alternating double rows of alveoli visible on careful examination. 

Distribution —Europe, recorded from brackish water also 

131 Diploneis fusca Gregory var sub-rectanguiaris Cleve 
(Fig 398) 

Cleve, Syn Nav Diat , 1894, p 93 

Navicula fusca Gregory var wo-rcctangularis Cleve, Van Heurck, TraitS 
des Diatomies , 1899, p. 199, PI. XXVI, fig 742 

Valve more or less rectangular, ends broadly rounded, 57/* long and 
25 p broad Central nodule clear Furrows broad, gradually tapering 
from the middle and crossed by faint prolongations of the cost© Cost© 
12 m 10 p, with alternating alveoli which are more or less quadrate, alveoli 
12-15 in 10 m 

Distribution.—‘England, Blankenberg, Denmark 
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132 Diploneis Smithii (Br6bisson) Cleve 
(Fig. 399) 

t 

Cleve, Syn Nav Dial, 1894, p 96; Boyer, Syn N Am Diat, 1927, 
p 354, Hustedt, Pascher’s Sussmsver-Fl, 1930 a, p 253, fig 402 

Navicula Smithu Bi6bisson, W Smith, Svn Brit Diat , Vol II, 1856, 
p. 92; Rabenhorst, FI Eu Atg , 1864, pt I, p 178; Van Heurck, 7 raiti 
des Diatomdes , 1899, p, 192, Pi IV, fig 151, a, b 

Navicula ( Diploneis ) Smithii Brebisson, Schftnfeldt, Pascher’s Siisswasser- 
FI, 1913, p 69, fig 124 

Navicula elliptica W Smith, Syn. Brit Diat , Vol, I, 1853, p 47, PI. XVII, 
fig 152 

Valve elliptical with broadly rounded poles and strongly convex sides, 
58 fi long, 35 p broad. Central nodule more or less well developed, small, 
rounded quadrate Horns robust Furrows lanceolate, diminishing in 
breadth from the middle towards the poles Transaptcal cost® 9 in 10p, 
radial, with alternating double rows of alveoli Alveoli in two oblique 
rows which cross each other 

Distribution --England, America, brackish and marine 

133 Dipbnds robustus sp nov 
(Fig 400) 

Valves hnear-elhptical with broadly rounded poles; sides slightly drawn 
in in the middle, 60-74/x long and 23-28/x broad Raphe straight, narrow 
Central nodule quadrate, wavy at the sides, with well-developed horns. 
Furrows narrow diminishing in breadth from the centre towards the poles 
Transapical cost® very well developed, robust, swollen at the tip; some- 
what radially arranged, 6 m 10/i Two rows of alveoli on either side of the 
central axial area, one against each costa, but interrupted in the middle 

This form resembles Diploneis interrupta (Kutzing) Cleve {cf Hustedt, 
1930 a, p 252, fig 400) m the nature of its cost® But D interrupta is linear 
elliptical m outline with highly constricted sides, the constriction nearly 
dividing the cell into two elliptical halves, whereas the present form is only 
slightly drawn in at the sides The stria in the former are interrupted in 
the middle whereas they are not interrupted m the present form. 

Distribution —Plankton of the Madras coast 
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LIV Genus Navwula Boxy 
Section Lineolatie Clevc 

134 Navitula hnga (Gregory) Ralfs 

(Fig 401) 

Pritchard, Hist Infusoria, 1861, p 906, De Tom, Syll Alg, Vol II, 
1891-94, p 17, Van Heurck, Traiti des Diatomies, 1899, p 185, PI XXV, 
fig 716, Boyer, Syn N Am Diar , 1927, p 397 

Pinnularia longa Gregory, Post Tertiary Diat, 1856, p 47, P 1 V, 
fig 18, Rabcnhorst, FI Eu Ah, 1864, pt I, p 218 

Valves rhombic elongated with acute ends, 55 ft long, 10 ft broad 
Axial area narrow; central area small Stria? 9-12 in 10ft radiate, lined 
across, lines about 30 in 10// 

Distribution- Scotland, Atlantic coast of America, and Colombo 
Section Lyrata? Clove 

135 Navitula Hennedxit W Smith 

(Fig 402) 

W Smith, Syn Brit Diat , Vol 11,1856 p 93, Gregory, Post-Tertiarv 
Diat , 1856, p 40, PI V, fig 3, Pritchard, Hist Infusoria, 1861, p 898, 
PI VII, fig 69, Rabenhorst, FI Fu Ah, 1864, pt I, p 178, D. Toni, Syll 
Alg, Vol IT, 1891-94, p 103, Cleve, Svn Na\ Diat, 1894, p 57, Van 
Heurck, Traiti des Diatomics, 1899, p 204, PI IV, fig 160, Boyer, Syn 
N Am Diat , 1927, p 413 

Valves elliptical, 39 5-61 5 ft long, 21 5-36 5n broad Lateral areas 
broad, semilanceolate, with almost parallel inner margins Stria 12-15 in 

10m. 

Distribution —England, Belgium, Italy, Greenland, SpUzbergen, 
Fmmark, Lusitania, Adriatic, North America and Ceylon, 

Navicuta Hennedyu W Smith 
var nebulosa (Gregory) Cleve 
(Fig 404) 

Cleve, Syn Nav Diat , 1895, p 58, Van Heurck, Traiti des Diatomies, 
1899, p 204, Pi. XXVII, fig 755, Boyer, Syn N Am . Diat, 1927, p 413, 

Navicula nebulosa Gregory, Diat Firth of Clyde, 1857 b , p 480, PI IX, 
fig. 8; De Tom, Syll Alg, Vol II, 1891-94, p 107 

B7 
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Valves somewhat elliptical, 33 /* long, lQf* broad. Lateral areas clear, 
prominent, suddenly narrowed at the ends, smooth. Stria about 18 in 
10/*, punctate. 

Distribution —Iceland, Ireland, North Sea, and probably Belgium 

136 Navicula clavata Gregory 
(Fig. 403) 

Gregory, Post-Tertiary Diat , 1856, p 46, PI, V, fig. 17; Cleve, Syn 
Nav Diat , 1895, p 61 

Navicula Hennedyii W Smith var ciavata Van Heurck, Trait i des 
Diatomies , 1899, p 204 

Navicula Hennedyii W Smith var ? clavata (Gregory 7) De Tom, Sy// 
i</g, Vol II, 1891-94, p 104 

Valves elliptical with rostrate ends, 50-66 5/* long. 30-36-5/* broad. 
Marginal striae 12-15 in 10/*, axial striae 15-18 in 10/*. 

Distribution —Blankenberg, £ igland, Iceland 

137 Navicula forcipata Greville 
(Fig 405) 

Greville, Descrip New Sp Brit Diat , 1859 a, p 83, PJ VI, figs JO 
and 11; De Tom, Syll Alg , Vol II, 1891-94, p 97, Cleve, Syn Nav Diat , 
1895, p 65, Van Heurck, Traiti des Diatomies , 1899, p 203, PI IV, fig 
163; Boyer, Svn N Am Diat , 1927, p 416 

Valves elliptical with rounded ends, 30/* long and 20/* broad. Lateral 
areas narrow, constricted in the middle, convergent at the ends. Striae 
12 in 10/*; closely punctate 

Distribution —England, Belgium. Adriatic Sea, Atlantic and Pacific 
coasts of America 


LV Genus Pmnularia Ehrenberg 
Section Distantes Cleve 
138. Pinnularia alpina W Smith 
(Fig 406) 

W. Smith, Syn, Brit Diat , Vol I, 1853, p 55, PI XVHF, fig. 168; Cleve, 
Syn . Nav, Diat , 1895, p. 81, SchOnfeldt, Pascher’s Susswasser*Fl.> 1913, 
p. 105, fig. 225; Hustedt, Puscher’s Stisswasser-FL, 1930 a, p. 324, fig. 594 
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Navicula alpma Ralfs, Pritchard, Hist Infusona , 1861, p 906, Raben- 
horst, FI Eu Ait'Pt I, 1864, p, 215, DeTom, Syli Alg. t Vol II, 1891-94, 
p 16; Van Heurtk, Traiti des Dtutomies f 1899, p 169, PI XXV, fig 705 

Valve elliptic-lanceolate with rounded obtuse ends, 85ft long and 28 5ft 
broad Axial area somewhat wide, lunceolate Stnse broad, smooth, 
radiate, transverse at the ends, 4 in 10/x 

Distribution —-France, Iceland ind Scotland 

LVI Genus Trachynets Clevc 
139 Trachynets aspera Eh re n berg var yenuma Cleve 
(Fig 408) 

Cleve, Syn Nav Dial , 1894, p 191, Boyer, Svn N Am Diat , 1927, 
p 428 

Navicula aspera Ehrenberg, De Tom, Svll Aly , Vol II, 1891-94, p 109, 
Van Hcurck, Traiti des Diatomies, 1899, p 205, PI IV, fig 165 

Valves linear-lanceolate, with obtuse ends, 52-224 \i long, and 10*5- 
21 * 5 /x broad Axial area broad, stauroid, truncate, not reaching the sides 
Transapical striae alveolate, 10 m 10 m Longitudinal striae very fine, 24 in 

Distribution —Britain, Belgium, Mediterranean, Adriatic Sea, America, 
Borneo, Ceylon and Aden 

140 Trathyneis Antillarum Cleve 
(Fig 409) 

Cleve, Syn Nav Dial , 1894, p 193, Boyer, Syn N Am Diat , 1927, 
p. 429 

AUoioneis (?) Antillarum Cleve and Grunow, Clevc, Diat West Ind 
Arch , 1878, p 8 Pill, fig 11, 

Scoltopleura Antillaium (Cleve and Grunow) De Toni, Syll Alg , Vol II, 
1891-94, p, 265 

Valves linear-elliptical with obtuse ends, 89 5-114/x long, 33-35 5p 
broad Raphe excentrjc, axial area more or less broad, irregularly linear 
and unilateral Transverse stria in radial rows, alveolate, 9-12 rows 
in 10 p 

Distribution —West Indies, Florida, Campeche Bay and Indian Ocean, 
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Sub-family Amphiproroide® 

LVII Genus Amphiprora Ehrenberg 
141. Amphiprora gigantea Grunow 
var sulcata (O’Meara) Cteve 
(Figs 410 and 413) 

Cieve, Syn Nav Diat , 1894, p 18, Allen and Cupp, Plank Dtat Java 
Sea, 1935, p 160, fig 113 

Amphiprora sulcata O’Meara, On Some New Sp Amphiprora , 1871, 
p 22, PI III, fig 3, De Tom, Syll A!g , Vol II, 1891-94, p 334 

Cells strongly constricted. Keel with hyaline margin Junction line 
curved like a bow Cells 64-91 p long Keel punct® forming obliquely 
decussating rows, 15 rows in 10 u Striae curved Connecting zone with 
numerous longitudinal divisions Striae on the connecting zone 18 in 10**. 

Distribution —Jiva Sea and Indian Ocean. 

LV1II Genus Tropidoneis Cieve 
142 Tropidoneis semistriata Grunow 
(Figs, 411 and 412) 

Cieve, Syn Nav Dial , 1894, p. 27, PI III, figs 9, 10, 11. 

Valve membraneous, lanceolate, acute, in girdle view slightly con¬ 
stricted, 124 ji long and 18*i broad Keel somewhat cxcentnc Srnaf 18 
m 10**, not reaching the margin of the valve 

Sub-family Gomphocymbelloideae 
LIX Genus Amphora Ehrenberg 
Sub-genus Oxyamphora Cieve 
143 Amphora lineolata Ehrenberg 
(Fig, 407) 

Kiitzmg, Sp Atg, 1849, p 94; Pritchard, Hist Infusoria, 1861, p 883; 
Rabenhorst, FI Eu Alg , pt. I, 1864, p 92; De Tom, Syll Alg , Vol II, 
1891-94, p 394; Cieve, Syn Nav, Diat , 1895, p 126; Van Heurck, Trait! 
des Diatomtes, 1899, p 138, PI I, fig 10; Boyei, Syn, N Am Diat , 1927, 
p. 264, Hustedt, Pascher’s Susswasser-Fl, 1930 a, p 346, fig, 636. 

Amphora * tenera W Smith, Syn, Brit, Diat , Vol 1, 1853, p 20, 
PI. XXX, fig. 252, 
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Amphora plicata Gregory, Post-Tertiary Diat , Glenshira, 1857 a, p. 70, 
PI. I, fig 31 

Frustules hyaline, weakly sihcified, in girdle view rectangular-elliptical, 
with slightly convex sides, 66-93 #* long, 31 5-52 5ft broad (girdle view). 
Intercalary bands numerous, 10 in 10#* Raphe* with straight branches, 
which run back from the central nodule dorsal-ward Axial area narrow, 
central area absent. Transapical stria very slightly radial 18-21 in 10#*, 
finely punctate. 

Distribution,— Biankenberg, England, Sweden, Tropical America 
144 Amphora decussate Grunow 
(Figs 414 and 415) 

De Tom, Syll Alg , Vol II, 1891-94, p 378; Cleve, Svn Nav Diat , 
1895, p 128, PI IV, fig 10, Boyer, Syn . N Am Dht , 1927, p 267; Allen 
and Cupp, Plank. Diat Java Seas , 1935, p 161, fig 116 

Frustules thm, elliptical, with truncate ends, 78-99 5#* long, 28-50#* 
broad (girdle view) Zone with numerous divisions 10-12 in 10#*, very 
finely transversely striate. Raphe close to the ventral margin Central 
nodule dilated into a transverse stauros Dorsal side with oblique sin® 
15-18 in 10/*, turned in opposite directions from the central stauros, crossed 
by undulating narrow transverse bands, giving the stn® a punctate appear¬ 
ance, the punct® being slightly elongated. 

Distribution —Honduras, coast of Barbadocs and Java 
145. Amphora ostreana Brebisson 
(Figs 418 and 419) 

Kutzing, Sp Alg , 1849, p 94, Pritchard, Hist Infusoria, 1861, p 881; 
Rabenhorst, FI Eu Alg , pt T, 1864, p 88, De Tom Syll Alg, Vol H, 
1891-94, p 376; Cleve, S\n Nav Diat. 1895, p 129, Van Heurck, Tratti 
des Diatomees, 1899, p 139, PI I, fig I; Boyer, Svn N Am Diat, 1927, 
p. 265 

Amphora quadrate Brebisson, Kutzing, Sp Alg , 1849, p 95, Pritchard, 
Hist Infusoria, 1861, p. 881 

Amphora ostrearia var quadrat a (Brebisson) Rabenhorst, FI. Eu Alg , 
pt. I, 1864, p 88; De Tom, Syll Alg , Vol IT, 1891-94, p 376 

Amphora mmbramcea W Smith, Svn Brit. Diat , Vol. I, 1853, p. 20, 
PI II, fig 29; Pritchard, Hist Infusoria, 1861, p. 881, Rabenhorst, FL Eu. 
Alg., pt. I 1864, p. 87; De Toni, Syll. Alg, Vol II, 1891-94, p. 377. 
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lineolata Bhreaberg X460, Fig 408 Trachvnei j ajpera Hhrenberg var genuine dcve X428 
Fig 409 T antitlerum Clevc x 460 Fig 4JO Amphiprora glgarttra var sulcata (O’Meara) 
Clove, sculpturing. x390 Figa 411-412 TropUloneh <emi striata Grunow <460 Fig 413 
Amphiprora gigantea var sulcata (O'Meara) Cleve x 710 Figs 414-415 Amphora decussate 
Grunow fig. 414, x325, 415, x930 

Amphora elegans Gregory, Post-Tertiary Diat Glenshira, 1857 a, p 70, 
PI I, fig. 30; Pritchard, Hist Infusoria, 1861, p 881, Rabenhorst, FI Eu 
Alg , pt. I, 1864, p 87; De Tom, Syll Alg , Vol IT, 1891-94, p 381 

Amphora titoralis Donkin, Mar Diat Northumberland , 1858, p 30, 
PI 111, fig. 15, Rabenhorst, FI Eu Alg, pt 1, 1864, p 89, De Tom, Syll 
Alg , Vol. II, 1891-94, p. 380 

Frustule9 weakly sihcified, elliptical to quadrate m outline Zone with 
numerous divisions, striated. Valve of various shapes depending on posi¬ 
tion, 68-79/* long and 18-21 5ft broad, striated, sin® 12 in 10/*, punctate 

Distribution -Calvados, France (in oysters), England 
LX Genus CymhcIJa Agardh 
146 Cymbella manna Gist me a no 
(Fig 416) 

Castracane, Diat Chall, 1886, p 21. PI XXV1T, fig 13, De Tom, Syll 
Alg,V ol II. 1891-94, p 359 

Cells linear, ventral margin straight, dorsal arcuate Raphe somewhat 
broad. Axial area narrow, central area slightly dilated Strj® radial, 
15 in 10 /a. 

Distribution, —Japanese Sea 

Family Nitzschiaceau 
Sub-family Nit/xchioidca; 

LXI Genus Bacillana Gmehn 
147, Bacillar ta par ado xa Gmehn 
(Figs 417, 421 and 427) 

W. Smith, Syn . Brit Diat , Vol II, 1856, p 10, PI XXXII, fig 279, 
Pritchard, Hist Infusoria, 1861, p 784, PI IX, figs 166, 167; De Tom, 
Syll Alg*, Vol II, 1891-94, p 493, Gran. Nord Plank., Bot Toil, Bd VIII, 
1908, p. XIX 13L fig 178, Schdnfe^t, Pascher’s Susswasser-FL, 1913, p 149, 
ftg 328; Karsten, Nat Pflanzenfam , 1928, p 294, figs. 100, 190, 399, 
Lebour/p/anJt Diat N Seas , I93p, p 211, fig. 175, Hustedt, Pascher’s 
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Susswasser~Fl, 1930 a, p 396, fig 755, Allen and Cupp, Plank Diat. Java 
Sea, 1935, p 162, fig 117, Venkataraman, 5 I Dial., 1939, p. 351, figs 144 
and 145 

Nitzschia paradoxa (Gmchn) Grunow, Van Heurck, TraitS des Diato* 
mles, 1899, p 392, PI XVI, fig 518 

Nitzschia paxilhfer (O F Muller) Heib, Boyer, Syn N Am Diat „ 
1927, p 509 

Cells m girdle view linear and rectangular, united by their valves to form 
a mat-like colony, the individual cells of which exhibit gliding movements 
m the living condition. Valves linear spindle-shaped in outline, 112-196/* 
long, 6*5-9/* broad Kiel punct® 7-8 in 10/* Transapical striae fine 
21 in 10 fi 

Distribution — Eitopean coast, Californian coast, Java Sea, recorded 
from brackish water in Madras 

LXff Genus Nitzschia Hassal 
Section Pandunformis Grunow 
148 Nitzschia pandunformis Gregory var continua Grunow 
(Fig 425) 

Cleve and Grunow, Beitrdge z Kenntmss Arct . Diat , 1880, p 71, PI, V, 
fig 92; De Toni, Svll Alg , Vol II, 1891-94, p. 502; Boyer, Syn N Am, 
Diat, 1927, p 498 

Cell elliptical, slightly constricted in the middle, extremities somewhat 
pointed, 20-35/* long and 10-12/* broad. Keel punct* 9-12 in 10/*. 
Valve finely punctate, puncte 21-24 m 10/*, arranged m three line system. 

Distribution —Arctic Sea, Adriatic, Mediterranean, Atlantic coast of 
America and West Indies 

Section Lmearcs (Grunow) Hustedt erw 
149 Nitzschia vitrea Norman 
(Figs 420 and 422) 

Norman, On some mdescnb Sp Diat, 1861, p 7, PI II, fig 4; Raben- 
horst, FI Eu Alg , pt I, 1864. p 152; Cleve and Grunow, Beitrdge t, 
Kenntmss. Arct, Diat,, 1880, p 93, De Toni, Syll Alg , Vol II, 1891-94, 
p. 536; Van Heurck, Traiti des Diatomdes, 1899, p 399, PI XVI, fig. 544; 
Boyer, Syn, N Am Diat , 1927, p. 519; Kolbe, Brackmsser+Diatomien , 
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1927, p. 98, Pi, 1U, fig 42, Hustedt, PascheCs Susswasser-Ft, 1930 a, 
p 411, fig, 787, Vcnkataraman, S / Diat , (939, p 355 fig, 143 

Cells m girdle view lmear-rectangular, with somewhat parallel sides and 
rounded comers Valves linear, slightly constricted m the middle, with 
rounded ends, 28—140/x long, 4/* broad Kiel purctac 7-8 m 10^ Trans- 
apjcal stria 21-24 in 10/*, fine 

Distribution —England. Arctic Sea, Anvers, east coast of Greenland, 
and in the river Coom in Madras 

Section Sigmoide® (Grunow) Hustedt erw 
150 Nitzschia sigma (Kutzing) W Smith var indica Karsten 
(Figs 423, 424, 410 and 431) 

Karsten, Valdman Expedn 1907, p 400, PI LTV, figs 11 a and 11 b; 
Allen and Cupp, PlanJc Diat . Java Sea, 1935, p 163, fig 120 

Valves linear, slightly sigmoid in girdle view, m valve view almost 
straight, considerably diminished m sire at the extremities and elongated, 
280-312/* long, 11/i broad Kiel punctae 5-6 in 10/*, 

Distribution - -Indian Ocean, Java Sea 

Section Nitzschieilae (Rabcnhorst) Grunow 
151 Nitzschia Closterium (Lhrcnberg) W Smith 
(Figs 426, 428 and 429) 

W Smith, Syn Brit Diat, Vo) J, 1X53 p 42, PI XV, fig 120; Cleve 
and Grunow, Beitrdgc z Kenntniss Arct Diat 1880, p 101 , Gran, Nord 
Plank,, Bot Tetl, Bd VIII, 1908, p XIX 129 tig 172, Boyer, Syn N Am 
Diat, 1927, p 526, Lebour, Plank Diat N Seas , 1930, p 212, fig 176; 
Hustedt, PascheCs Su\swasscr-Fl, 1930 a p 424, fig 822, Allen and Cupp, 
Plank Dtat Java Sea, 1935, p 163 fig 122, Vcnkataraman, S f Diat, 
1939, p 356, figs 132 and 133 

Ceratoneis Closterium (Ehrenbcrg) Ralfs, Pritchard, Hist Infusoria, 
1861, p 783, PI XII, fig 59 

Nitzschtella Closterium (fihrenbeig) Rabenhorst, Ft Eu Alg , pt I, 
1864. p 163, 

Nitzschia curvirostns Cleve var Closterium (Ehrenberg) Van Hcurck, 
De Toni, Syll Alg , Vol IT. 1891-94, p 548 

Nitzschia longtssima (Brehissor.) Ralfs vai Closterium (W Smith) Van 
Heurck, TraiU des Diatomee*, 1899, p 405, PI XVII, Qg 570 
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Text-Figs 416-440 —Fig 416 Cvmhelta marina Castracane x 930 Fig 417 Baclllaria 
paradoxa Gmelm x 930 Figs 418-419 Amphora oUrearia Brtbiason Fig 418, x 460. 
419, y 428 Fig 420 Nitzschta vitrea Norman a 710 Fig 421 BacMaria paradoxa 
Gmelin. Valve view, middle portion / 930 Fig 422 Nitzschta vitrea Norman, x 930 
Figa 423-424 Nitzschta sigma var indieu Karsten <710 Fig. 425, N panduriformi* var. 
Grunow x 930 Fig 426 Nitzschia Closterlum (Ehreoberal W Smith, x 428. 
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Fig. 427 Bacillaria paradoxa Gmetm x 328 Figs 428-429 Ntlzschia Cbsttrium (Ehren- 
berg) W Smith X 428 Fig# 430 431 iV var tndtca Karsten - (50 Fig» 432-434 
X serbta Cleve Ftg 432, ' 220, 433, * 930, 434, > 930 Figs 435 437 N longhvma 
(Brtbisaon) Ralfs Fig 435, - 930 436, < 53, 437, v 428 Fig 438 Surirella ftummams 
Grunow X 710 Fig 439 S rximia Greville < 328 Fig 440 Campylodiscus 1 yens aril up 
nov x460 

Cells living free, motile Valves spindle-shaped in the middle, ends 
extended into long beaks usually slightly bent or curved in opposite direc¬ 
tions, 35-154f* long, 3 5-7/4 broad Stnation not visible 

Distribution. —Ubiquitous along the coasts, Davis Strait, England, 
Scotland, Norway, Sweden, Denmark, California, Java Sea, and brackish 
water in Madras 

152. Nitzschia tongissma (Brebisson) Ralfs 
(Figs 435-437) 

Clevc and Grunow, Beitrdgc z Kenntmss Arct Diat , 1880. p 100, 
De Toni, Syll Alg , Vol II, 1891-94 p 547, Van Heurck, Traitl des Dia¬ 
tomies , 1899, p. 404, PI XVII, fig 568, Boyer, Syn N Am. Diat , 1927, 
p. 526, Allen and Cupp, Pla/tk Diat Java Sea , 1935, p 163, fig 121 

Nitzschia birostrata W Smith Syn Brit Diat, Vol f, 1853, p 42, 
PI. XIV, fig 119 

Ceratoneis hngissima (Brebisson) Ralfs, Pritchard, Hist Infusoria , 
1861, p 783. 

Nitzschiclla longisuma (Brebisson) Rabenhorst, Fl Eu. Alg, pt I, 

1864, p. 164 

Cells living singly, motile, 89-560 /a long and 3 5-5 5 /a broad. Central 
enlarged portion lanceolate Ends hair-like, elongated, nearly straight 
Keel punette 12 m 10 /a Stria' not recognisable 

Distribution —England, Fnncc, Dcnmirk, Virgin Islands, Shark River, 
New Jersey, Pacific coast of America, Java Sea 

153 Nitzschia sertata Clevc 
(Figs 432-434) 

De Tom, Syll Alg, Voi II, 1891-94. p 501, Gran, Nord Plank , 
Bot Tetl Bd VIII, 1908, p XIX 129, fig. 174, Boyer, Svn N Am Diat , 
1927, p 526, Lebour, Plank Diat N Seas, 1930, p. 213, fig 178, Allen 
and Cupp, Pkuik Diat Java Sea, 1935, p 164, fig, 124 
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Cells spindle-shaped with more or less pointed ends, 50-131/* long 
and 3 5-5/* broad, forming long chmns, the ends of cells lying adpressed to 
each other for a short distance Stn® 12 in 10/* 

Distribution —Davis Strait, England, Scotland, Holland, Belgium, 
Germany, Norway, Sweden, Denmark, Atlantic and Pacific coasts of 
America and Java sea. 

Family Surirelfacf^ 

Sub-family Sun roll oidese 
LXIIT Genus Surirella Turpin 

154 Surtrella flummensis Grunow 

(Fig 438) 

Allen and Cupp, Plank Diat Java Sea, 1935, p 164, fig 126 

Surtrava flumensic Grunow, Rabenhorst, FI Eu Alg , pt I, 1864, 
p. 58, De Tom, S)U Alg, Vo] Tf, 1891-94, p 587 

Valve ovate, 50/* long and 35/* broad Ribs or canalculi few, about 10, 
inflated towards the margin, reaching narrow median canal (except last 
pair) Median canal not dearly recognisable Marginal striao 24 m 10/*. 

Distribution —Adriatic Sea and Java sea 

155 Surirella eximia Grevillc 

(Fig 439) 

Grevillc, Descrip Dial West Ind , 1857, p 10, PJ, III, fig. 6. 

Suriraya eximta (Grcville) De Tom, Syll Alg , Vol II, 1891-94, p. 585. 

Valve hnear-oblong, rounded at the ends, very slightly constricted in 
the middle, 95/* long, 43/* broad Candiculi delicate, about 19 on each 
Side reaching the narrow, linear, transversely striated median space, which 
is attenuated towads the ends. 

Distribution —West Indies. 

Sub-family Compylodiscoidcas 

LXIV Genus Campylodiscus Ehrenberg 

156 Campylodiscus fyengarii sp nov. 

(Fig. 440) 

Cells m valve view orange shaped in outlme, 64/* (short axis) and 74 p 
(long axis) in diameter Rays curved, in lines radiating from a lanceolate 
median space, rays* 4 m 10/* 
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This diatom shows a resemblance to Campylodiscus RatfsU W* Smith 
(1853, p 30, Pi XXX, fig 257, cf also Gregory, 1857ft, p. 502, PI XI, fig 52) 
in structure but the valvar plane in C Ralfm W Smith is not bilaterally 
symmetrical as regards its structure in the present diatom whereas the 
structure on the valve — the rays, are arranged symmetrically on either side 
of the central space It shows a resemblance to C angularti Gregory (cf. 
Qemeinhardt, 1935, PL XVI, fig 208) but this foim is more or less circular in 
outline, with elliptical middle space and larger number of canaliculi Again, 
it shows a resemblance to C biangulatus Greville (1862, p 20. PI III, 
fig, 2) as regards the structure but this form has a circular outline with a 
broadly linear smooth median space, whereas the present form is orange¬ 
shaped in outline with a lanceolate median space 

Distribution —Plankton of the Madras coast 

In conclusion, the author wishes to express his great indebtedness to 
Prof MOP Iyengar, M A , Ph D (Lond ), F L S , for his constant gui¬ 
dance and help throughout the course of the present investigation. The 
author's sincere thanks are also due to the authorities of the University 
of Madras for the award of a Research Fellowship during the tenure of 
which the major portion of this investigation was carried out 
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Introduction 

Thb study of storage disorders of fruits due to certain fungi has received 
a good deal of attention in countries outside India, but contributions from 
here are only a few and relate, so far the author’s information goes, to 
plantains (Dastur, 1916) and oranges (Ghatak, 1938) only. The lack of this 
kind of work in this country is chielly due to the insignificant cxport and 
the inability of the dealers to recognise the utility of application of scientific 
methods in fruit industry, which still remains much undeveloped although 
it has received a good deal of impetus quite recently But with the pros* 
pect of increased requirements and demands the problem of storing and 
transiting fruits is likely to become as important here as elsewhere. As 
is already_known from the works in other countries, the fUngal organisms 
I are major causes of disorders both in storage and transit With this view 
the present work has been started to find out the fungi causing the decay 
of fruits under local storage conditions, since in any attempt to adopt 
control measures the causal organisms and the sources of infection must 
be known beforehand. The present study deals with the storage disorders 
in certain Lucknow shops and other places of local storage. The investi* 
gation covers several kinds of fruits, namely mangoes, apples, pears, 
peaches, oranges, pomegranates and grapes. Mango has been given more 
attention as it forms the staple fruit of the United Provinces. The sus¬ 
pected sources of infection, namely the surface of the fruits, the atmosphere 
of storage places and mango orchards and the early infections known as 
* latent infections * have been tested, in the light of previous information, 
under the much different storage conditions prevailing here. 

Experimental 

Isolation of Fimgi .—Samples of fruits were brought to the laboratory 
m separate sterile containers from the local storage and market placet. 
These samples were obtained at intervals of fifteen days during two fruit 
seasons (1937 and 1938). 

In order to find out the organisms occurring r n tl c surface of both 
diseased and healthy fruits, every fruit was given three separate washings in 
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succession with sterile distilled water The whole quantity of each suc¬ 
cessive washing was separately mixed with a given quantity of standard 
mejjutm and poured in plates which were then incubated at room tempera¬ 
ture (about 30° C.) It was observed that in the culture plate of the first 
washing too many fungal colonies appeared close to one another, and for 
this reason in subsequent operations, the first washing was diluted with sterile 
distilled water and small quantities of this was mixed with the given amount 
of standard medium. The plates were examined on the third day and the 
fungi appearing were isolated and subculturcd in tubes Only one examina¬ 
tion of each plate was made in order that the result may not be vitiated by 
the contaminations occurring during the examination 

The washed fruits were then utilised for isolating the fungi present in 
the tissues The diseased ones were used for finding out the organisms 
causing the decay and the apparently healthy ones for detecting * latent 
infections 9 In each case the fruits were surface sterilised by keeping them 
in a saturated solution of borax for about half an hour and later in 0 1 % 
mercuric chloride solution for two to five minutes according to the nature 
of the fruits, and finally washing with sterile distilled water several times 
Small pieces of the fruits were cut out rapidly with a sterile knife and placed 
m petndishcs containing the standard medium In the case of decayed 
fruits the pieces were taken from the parts showing spots, badly rotted areas 
and apparently unaffected portions In the case of 4 latent infections * the 
organisms have been isolated from apparently healthy fruits in storage 
In each case quite a number of fruits and at different times of the season 
were used and the organisms were obtained from most of them. In the 
case of mangoes, fruits of different ages both from the mango orchards and 
storage places were tested The term * latent infections * has been used 
rather in an extended sense than employed by Baker and Wardlaw (1937). 

To find out the fungi occurring in the atmosphere of shops and mango 
orchards, petridishes containing nutrient medium were exposed to the res¬ 
pective atmospheres for two minutes at different times of the season. The 
exposed plates were brought back to the laboratory and after incubation for 
three days the fungi obtained were subcultured from the developing colonies 
The entire operation was done under aseptic conditions. 

Pure cultures of the isolated fungi were obtained by using monohyphal 
tip or single spore culture methods 

The ftmgi which sporulated have been identified. Some which did not 
produce spores have been provisionally eliminated from the text, but their 
cultures have been retained, Most of the fungi were identified by the author 
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at the Imperial Agricultural Research Institute, New Delhi, and the rest at the 
University of Lucknow Confirmation of the specific identification, m some 
cases, from the respective authorities could not be obtained due to the War 
conditions Description, spore measurements, camera-lucida drawings, etc. 
of the organisms obtained are not being included here for the sake of brevity. 

A list of the fungi isolated from the various sources is given is 
Table L 

Table I 


Table showing a list of fungi obtained from the various sources 


Fungi Isolated 


Source of Isolations 

Tissur* . . Surface) At mo- 

oi InfJT <>« .ph««0f 

Diseased . ” Diseased Storage 
Fruits 1101,8 Fruits | Placet 


Atpogtllus mger van Tiegh, 

Aspergillus mdulans (Eidam) Wint 
Aspergillus fumtgatns Fretintus .. 

Aspergillus varteeolour ( Berke Br) Thom and Raper 
Alternarta sp (A1 1) 

Alternant up. (Al 2) 

Acrothenum Penmseti MUra 

Colletoirtthum capsa ( Syd, > comb nov 

Pentcilltum fellutanum Bioarge .. 







Pome* Aspergillus nlgtr Van Tiegh 
granite Aspergillus fumtgafui Freetnius 
PewaHium atramentosum Thom 


Grape "Alumunu ap, (Al. 1) 
PAssopuj arrAssus Fisher 
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Infection Experiments . —The pathogenicity of the fungi isolated from the 
fruits in surface washings, in decayed tissues and as ‘ latent it fectiors * was 
tested by inoculating mature healthy fruits with the respective fungus 
strains The fruits were surface sterilised by means of rectified spirit ard 
small punctures were made m them with a sterile recdle Small portions 
of agar cultures of the fungi were inoculated in the punctures which were 
subsequently sealed off with a mixture of paraffin ai d vaseline Eight fruits 
were employed for each organism and an equal number similarly punctured 
and sealed but u nnoculated were kept as controls. The fruits were wrapped 
in sterilised paper and kept at room temperature All the fungi proved to 
be pathogens. 

A preliminary experiment was also made to find out the stage of 
maturity of the mango fruits at which they were susceptible to infection by 
various pathogens Mango fruits on the tree at various stages of maturity 
were inoculated by the method evolved by Granger and Horne (1924) for 
apples. Five fungi, all isolated from apparently healthy ard decaying 
mangoes, were utilised in the experiment For each fungus eight fruits 
were used The results of the experiment are shown in Table II in which 
the fungi have been arranged m the order of their activity. 


Tabib II 

Table showing results of inoculation experiments on mangoes 


Mangoes 


Fungi Inoculated 


Date 

: Mean weight 
i of fruit 

! 

Aspergillus 

fitter 

Aspergillus 

nidulans 

Aspergillus 

varttcvlour 

| A\,rvtktrtHm 
penmseit 

| 

CoHetotnehum 

tapta 

$-5-1039 

70*34 gm 

+ 

1 


- 


«+ii».. 

90*12 


— 

— 

- 


5-5-1939 .. 

101-74 

+ 

+ 

- 

- 

— 

1S-0-1939 

; US-00 

+ 

1* 

- 

— 

- 

8-7-1939 

12162 

+ 

+ 

+ 

- 

— 

15-7-1989 .. 

125 54 

+ 


\ 

+ 

+ 

Ripe mangoes 

+ 

+ 

+ 

f 

+ 


The results of experiments embodied in Table II present interesting 
features. It will be seen that mango fruits are resistant to certain fungi 
up to certain stages of maturity of the fruits, after which the latter become 
susceptible to infection It will also be observed that the organisms consi¬ 
dered can be arranged in the order of their infectivity in respect to the state 
of maturity of the fruit, Aspergillus niger capable of attacking fruit* cf 
all ages comes first in the order followed by Aspergillus nidulans. Asper - 
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gillus variecolour stands next. Acrothecium pemiseti and CoUetotrichum 
capsci arc more or less of equal virulence and occupy a lower position, 
attacking only the slightly npe mangoes. 

Discussion 

Fungi obtained from the fruits. —The results of investigation embodied 
in this paper reveal that a number of fungi have been obtained from the 
fruits stored in shops On comparing the isolates from the surface ard the 
tissues of diseased fruits, it is evident that Aspergillus niger, Aspergillus 
fumigatus, Aspergillus nidulans, PenlcilUum atramentosum, Fusarium sp. (Ft), 
and Rhizopus arrhizus isolated from the decayed tissues, have also m many 
cases been found to occur on the surface, but there are still others which are 
present only in the tissues or on the surface of fruits, Aspergillus tamarii 
and Penicilhum fellutanum occur exclusively on the surface while Acro¬ 
thecium pemiseti, Altemaria sp. (At 2), Aspergillus candidus, Aspergillus 
variecolour , CoUetotrichum capsci , CoUetotrichum sp, Fusarium sp, (F2), 
and Rhizopus sp have been obtained exclusively from the tissues of decayed 
fruits. 

A correlation also exists between the organisms obtained from shop 
and mango orchard atmospheres, and those obtained from the fruits diseased 
or apparently healthy; for example Aspergillus niger, Aspergillus fumigatus, 
Aspergillus tamarii , Aspergillus nidulans, Penicilhum fellutanum, Penicillium 
atramentosum , and Rhizopus arrhizus obtained from surface washings of the 
fnuts are common to the shop or mango orchard atmosphere, as also many 
of the organisms yielded from the diseased tissues, namely Acrothecium 
pemiseti , Altemaria sp (Al 2), Aspergillus niger, Aspergillus fumigatus, 
Aspergillus nidulans , Rhizopus arrhizus , and Penicilhum atramentosum. 

Apart from the fungi obtained from the rotted fruits, a few have been 
isolated as * latent infections * from the tissues of apparently healthy fruits. 
These are Aspergillus nidulans and CoUetotrichum capsci from mangoes, 
CoUetotrichum sp from apples, Aspergillus fumigatus and Penicillium felfu - 
tanufh from oranges and Rhizopus arrhizus from grapes. A comparison of 
these with the organisms obtained from the diseased tissues of the respective 
fruits indicates a striking correspondence among them. For example, in 
the case of mangoes Aspergillus nidulans and CoUetotrichum capsci have been 
obtained as 1 latent infections * and the same organisms have also been iso- 
lated from the tissues of decayed fruits. This holds true for all the four 
types of fruits in which * latent infections ’ have been obtained, except in 
the case of oranges where only one of the two fungi isolated is common to 
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the diseased fruits. Another correlation appears with the organisms found 
m the atmosphere of shops and, in the case of mangoes, both shops and 
orchards. This indicates that the organisms obtained as ‘ latent infections * 
get entry into the fruit either when it is stored or while on the tree but the 
effects of the pathogen are only visible when the fruit is ripe 

These facts suggest that most of the organisms causing the decay of 
fruits in storage are the same as found on the surface of the fruits, in the 
atmosphere of storage places or as ‘latent infections * in the tissues of appa¬ 
rently healthy fruits. 

Probable sources of Infection —It has been seen above that there is a 
marked correspondence between the fungi obtained from the diseased fruits 
and those from their surface washings and shop atmosphere It, therefore, 
seems evident that the fungi present in the shop atmosphere fall on the 
surface of fruits, grow and cause decay while the fruits are stored. The 
fungi falling on the surface of fruits probably obtain entry into the host 
tissue through wounds caused during the process of picking, packing and 
transit, as suggested by several workers, or through lenticels, as reporfrd 
by Kidd and Beaumont (1925) and Baker and Heald (1932) for apples A 
correspondence between the fungi obtained as ‘latent infections’ from 
mangoes, apples, oranges and grapes and those isolated from the respective 
diseased fruits has been pointed out above ‘ Latent infection * is therefore 
another source of the disease Such infections have also been reported 
previously by Dastur (1916) and Simmonds (1941) for plantain, Horne and 
Home (1920), Bratley (1933), Wormald (1934), and Walker (1940) for 
apples, and Baker and Wardlaw (1937), Wardlaw, Baker and Crowdy (1939), 
and Baker, Crowdy and Mckee (1940) for several tropical fruits The term 
‘latent infection * has been used by Baker and Wardlaw (1937) and m the 
present paper it has been employed in the same sense m partial modification 
It has been suggested by them and as is also evident from the observations 
made here that since these organisms are obtained from apparently healthy 
fruits the pathogens enter the fruits at some stage of development and he 
dormant m the tissues without producing any visible sign of decay, till the 
fruits mature and ripen offering favourable conditions for the advancement 
of the organisms 

Pathogenicity of the organisms obtained .—Most of the fungi isolated 
from the respective fruits either from surface washings, decayed tissues or 
as latent infections are capable of producing rot of the fruits when inocu¬ 
lated in them. In the case of mangoes the pathogenicity tests were carried 
out with fruits of different stages of maturity while still on trees. It was 
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found that t}ie different fungi react differently with maturity of the fruit and 
the strains could be arranged in order of their ability to infect the fruits of 
different ages The pathogenicity of some of these fungi attacking mangoes 
in storage has been worked out and wilt form the subject of a later communi¬ 
cation 

Summary 

Seven types of fruits, namely mangoes, apples, peaches, pears, oranges 
pomegranates and grapes have been studied for fungal decay in storage and 
its relation to shop (local storage places) atmosphere and, in the case of 
mangoes orchard atmosphere has been elucidated Mango has received 
particular attention as it is the staple fruit of the United Provinces 

A number of fungi have been obtained from the tissues of diseased 
fruits These are Aspergillus niger , Aspergillus mdulans , Aspergillus varie - 
colour , Aspergillus fumigatus, Aspergillus cemdidus, Acrothecium penniseti, 
Altemaria sp, Colletotrichum capsci, Colletotrichium sp, Penicllhum 
atramentosum, and Rhizopus arrhlzus 

A few fungi have also been isolated as ‘ latent infections * from appa¬ 
rently healthy fruits Mangoes have yielded Aspergillus nidulans ard Colleto - 
trichum capsci, apples Colletotrichum sp, oranges Penicilhum fellutmum 
and Aspergillus fumigatus, and grapes Rhizopus arrhlzus 

There is a definite correlation between the fungi obtained from the 
fruits and those isolated from the atmosphere of storage places and the 
surface of diseased fruits In the case of mangoes a similar correspondence 
is seen with the fungi from the atmosphere of mango orchards 
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Millets belong to several fairly closely allied genera of which ihe most 
important m India are Setaria, Pamcum Pennisetum of the tribe Pamcea, 
and Eleusme of the tribe Chloridea Like wheat and barley, millets have 
been cultivated since times immemorial in south Europe, Egypt and Asia— 
particularly Afghanistan 

Recent works in Gramme# show the great difference of opinion that 
exists regarding grass embryology For instance now it is widely accepted 
that antipodals are not merely a superfluous structure, but vitally connected 
with the growth and development of the young gametophyte (Brink and 
Cooper, Hordeum . 1944) It is also increasingly realised that the “double 
fertilization ’* is not an end in itself but leads to important physiological 
changes which are responsible for proper seed development (Brink and 
Cooper, Alfalfa, 1940) With regard to the grass embryo, the modern trend 
represented by works of Randolph (1936), Stover (1937), Merry (1941) and 
Bennett (1944) is distinctly in favour of the opinion that the cell-division is 
irregular and that there is no consistent arrangement or zonation of cells in 
the young embryo This is in direct contradiction to the other view (Souges, 
1924) that there i$ a definite arrangement and a regular sequence of cell- 
divisions of the fertilized egg Numerous instances of the occurrence of 
polyembryony in Gramme® due to parthenogenesis have recently been 
recorded (Engelbert, 1940-41, Kiellander, 1941, Hakansson, 1942), 
But their findings seem to be mainly confined to species of Poa 

Millets do not seem to have attracted much attention of botanists at 
any lime Giierin (1898) in France was one of the first to inmate embryo- 
logical studies in them Others to follow him were Susscnguth (1919) in 
Panicum and Nishimura (1922) in Setaria In India mojst of the work on 
the subject has been done by Krishnaswamy and Rangaswami, who jointly 
discovered polyembryony in Eleusine coracana (1930) and later (1937) pub¬ 
lished their cytological findings on the same species K Rangasaim besides 
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recording the 'chromosome number for Penmsetum (yphoideum has also given 
a fragmentary account of its morphology 

The increasing importance of millets as a suitable substitute for wheat 
and nee—staple foods of India—warrants a more detailed study of their 
cytology, morphology and hfe-history Information from such studies will 
have a direct application to the development of improved strains through 
plant breeding With this object the present investigation was undertaken. 

Materials and Methods 

The following plants furnished the material on which the investigation 
is based. 

(1) Setaria italtcae Beav (Fox-tail millet) 

(2) Pamcum mitiaceum L (Proso-rmllet or broom-corm) 

(3) Pennisetum (yphoideum Rich (Pearl millet) 

(4) Ekusme coracana Gaertn, (Finger millet) 

The seeds obtained from the Millet Specialists—Government of Madras, 
were sown towards the beginning of June and the materials fixed when the 
plants were m flower towards the middle of August. Spikelets of various 
ages were first dipped in Cirnoy’s Fluid and then transferred to Nawaschm’g 
Fluid The hairs and bristles of Penmsetum and Setaria were removed prior 
to fixing, as well as the glumes, palea and lemma in the case of fertilized 
ovules to facilitate cutting These coverings become impregnated with 
silica quite early m organogeny and give considerable trouble in cutting. 
The material was allowed to remain in Nawaschfn for 24-36 hours, then 
washed, dehydrated, embedded in paraffin (46° C. in winter and 54° C in 
summer) in the usual manner, chloroform being used as the clearing agent. 
After embedding, sections were cut at thicknesses varying from 10^-18/*. 
The older material was cut thicker in order to obtain the embryo-sac in as 
few sections as possible The sections were mounted serially and stained 
in Heidenham’s Haematoxyhn, 

General Considerations 

Millets are annuals with erect stem, varying in height from l-3i ft. in 
Panicum miliaceum, to 3-8 ft in Pennisetum typhoideum The inflorescence 
is a panicle, spikate m S itolica and Pennisetum typhoideum and a terminal 
umbel of 2 or more sessile spikes in the case of E coracana, The spikelets 
are variously arranged In Ekusme they are in two rows along the side of 
the compressed axis and in Pennisetum and Setaria they are in groups of 
1-2 and 1-6, respectively, each subtended by numerous bristles, which 
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according to Arber (1934) are sterile spikelets The spikelets are generally 
2-flowered, in Pennisetum the lower one is staminate, upper perfect and in 
Setaria and Panicum, the lower sterile and upper perfect In Eleusme there 
are usually 2-5 flowers all of which are perfect The flowers are provided 
with 2 glumes, a lemma, palea, 2 broad cuneate lodicules in all except 
Pennisetum, 3 stamens and a smooth oval ovary, with two long styles, each 
termmating in a brush-like stigma In Pennisetum the styles are connate at 
the base. 

Floral Development 

The floral members arise as protruberances of the rachilla The first 
to make their appearance and lowest on the axis are the glumes, followed 
in succession by the lemma, palea and stamens appearing almost simultane¬ 
ously, lodicules—differentiated from the base of the stamens and finally 
the ovary terminating the axis The ovary is thus the last member to be 
differentiated (Fig 1, a, b) In Triticum, Percival (1921) found that stamens 
appear earlier than the carpel while palea and lodicules become distinguish¬ 
able almost at the same time 

The ovary is apparently simple, terminated by two styles which in the 
young carpel appear as conical outgrowths of its apical margins (Fig 1 /) 
The ovule at its inception is orthotropous derived from the morphological 
apex of the axis, but later becomes anatropous due to an one-sided growth 
of the latter (Fig 1 6 8 ), In Eleusme the curvature of the axis is incomplete, 
resulting in a campylotropous ovule (Fig 1, g) The origin of the ovule 
appears to be from the base of the carpel but this in fact is due lo the fusion 
of the carpel to the axis as the former grows over the latter, forming a chamber 
(Fig 1, tf-d). Similar observations have been made by Percival (1921) in 
wheat, Anderson (1927) in Poa pratensis and P compreAsa, Krishnaswamy 
and Rangaswami (1930) in Eleusine coracana and others. 

The ovule is invested with two integuments—the time of their appear¬ 
ance varying in the different millets The inner integument is differentiated 
almost at the same time as the ovule pnmordium itself in S itahea , though 
in others usually after the closure of the carpels (Fig 1, c-f ); the outer integu¬ 
ment is formed from the base of the inner one at a later stage The inner 
integument is 2-4ayered, completely encloses the ovule and forms the micro- 
pyle, whereas the outer one is 2-layered at the top and 2 to 3 layered at the 
base and covers the ovule only partially. In S italica and Pemisetum 
typhoideum the lower end of the outer integument becomes more or less club- 
shaped due to cell-divisions and caps the micropyle (Fig 2) whereas m 
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Panicum milmceum both the integuments go to the formation of the 
micropyle—unusual m Gramtneee where an incomplete second integument 
is the rule. 



equation of ovule, carpel and lodiculcs, carpel appearing as a ring of tissue at the base of the 
ovule, a s ~One side of the carpel ftised to the ovule pnroordium f a t , c 4 if—'Develop¬ 

ment of the carpel, d t e 4 /-Development of the integument and first appearance of the 
archespormm, / x -Showing the carpellary margins produced into the stylar arms (front view); 
g—Campylotropous nature of the ovule Lem —lemma, pat — palea, at —stamen, ovr pr ~ 
ovary pnroordium, gr p -growing point, ft pr —floral primordiura, ear—carpel, or -ovule, 
tod —lodicule Figures a~e x 250, /-g x 150 Figures reduced to half their original 
magnifications. 
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Development of the Female Gametophytb 

Generally the archesporial cell is differentiated shortly after the inner 
integument is formed (Fig 1. d, e), but in S italica it makes its appearance 
after both the integuments are formed A hypodermal apical cell of the 
ovule is seen to enlarge with conspicuous nucleus and denser cytoplasm than 
in the surrounding cells This without dividing forms the megaspore mother 
cell and its nucleus may possess 1-2 nucleoli As usual in Gramme® and most 
Monocotyledons not more than one archesporial cell was observed m each 
ovule and no parietal cell is formed, though in S italica and Panicum 
mihaceum the epidermal cells often become 2-layered One of the apical 
epidermal cells in S italica becomes hypertrophied and pr< minent (Fig 3), 
and persists till late megasporogenesis The exact significance of this in 
embryogeny could not be traced but it is presumed that in some way it 
facilitates the passage of the pollen tube between the nucellar cells 

The m m c elongates considerably before division, in Pennisetum 
typhoideum it may be thrice its original length before the nucleus even reaches 
prophase,—appearing like a long narrow, non-vacuolated cell slightly 
dilated towards the top where the nudeus is situated The division of the 
m,mc usually commences about the time of tetrad formation in the nucro- 
spcrangium. The cell divides in the usual way forming a linear tetrad of 
four cells (Figs 4-7) the common form in Gramme®, though Guignard 
(1882) reports only two megaspores in Cornucopia The upper three cells 
degenerate forming a more or less T-shaped mass, due to the micropylar 
megaspore being tangentially flattened by the pressure cf the growing embryo- 
sac mother-cell (Fig 8). By this time the micropylar nucellus is usually 
2-layered The first division of the e m c results in a 2-nucleate embryo-sac, 
the nuclei migrate to the two poles and 1-2 large vacuoles are formed 
between them Some cells adjoining the embryo-sac degenerate, providing 
a nutrition layer around it The second division, simultaneous at both poles, 
and mostly parallel to the first one (Fig 9) gives rise to four nuclei No cell 
wall is formed after either of the divisions—Cooper (1937), however records 
in Euckkena mexicana and Zea mays the formation of walls immediately 
after the second division The third division gives rise to an 8-nucleate 
embryo-sac. S italica is characterised by the presence of a large vacuole 
at the chalazat end as well, between the nuclei and the wall (Fig. id); this 
vacuole incidentally is found persisting even m the antipodal cell cut off from 
that end. One nucleus from each pole migrates towards the centre to form 
the polar fusion nucleus, and the rest organized into the egg-apparatus and 
the antipodal complex (Fig 11), though in 5. italica no wall formation in the 
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antipodal region may take place till a later period (Fig, 12)* Schnarf (1931) 
describes two types of embryo-sacs in the grasses, straight ones lying in the 
same plane as the longitudinal axis of the ovule as in Bambusa , Oryza and 
Zea, and others of the horizontal type, lying at right ingles to the longi¬ 
tudinal axis as in Festucea , Hordece, Avenece and others. In millets the 
embryo-sacs are of the former type The size of the embryo-sacs varies— 
largest being found in Pomcum mtliaceum (115 9 x 34-2/*) and the smallest 
in E . coracana (74-5 x 18 /*), as shown in the table below 

Table T 

Illustrates the dimension ? oj the embryo- sacs and their components 
(in microns) 



fa ntcum 
rmltauum 

.S xtalua 

PtHmsetum 

tyfhoidtum 

! 

R toracana 

Embryo sac 

US ft X 34 2 

88 3 x 33 5 

86*4 X 27*2 

74*5 X 18 

Egg 

25 2 X 16 9 

25 2 X 14*4 

28*8 X 14 8 

18 8 X 16 8 

Egg nucleus 

7 9 

S 8 

9 0 

7 2 

Synergid 

22 4 X 12 6 

1 30*5 x 10 8 

18 7 x 7 9 

14*4 x ft*0 

Syncrgid nucleus 

5 8 

| 5 4 

5 8 

7 2 

Antipodal* 

27 0 X IS 2 

| 24 8 X 15 1 

31 3 x 21 6 

25*2 x 12 6 

Antipodal nucleus 

6 8 

1 3 ft 

7 9 

6*8 

Polar nucleus 

14 0 

l 61 

11*6 

12*2 


The egg apparatus is typical The synergids are pyriform to almost 
triangular in Pamcum mdiaceum, with vacuoles generally at the lower end 
and nuclei more or less towards the centre (Fig. 12, 13, 14) The “Aliform 
apparatus'* described by Schact (1850) and observed by Krishnaswamy 
and Rangaswami (1937) in E coracana was not observed, though in £. iialica 
some synergids bear hyaline stnations towards their inner walls (Fig 15) 
The micropylar ends of the synergids may either be broad or slightly beaked 
(Figs II, 12) The lower ends in S italtca often become pointed and some¬ 
what hooked and not infrequently attenuated late m embryo-sac development 
(Fig 15) 

The egg cell is slightly larger than the synergids and lies between them. 
In Permiseium typhotdeum it is bigger than in the others and may be about 
1*5 times the size of the synergids It may have either a narrow or a broad 
basal attachment and is provided with a large vacuole at the upper and in 
some cases at the tower end as well. The nucleus is centrally placed and is 
slightly larger than the synergid nuclei (Figs 12 and 16). Later the egg 
elongates considerably beyond the other two cells. A heavy deposit of 
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starch is observed even before fertilization around the egg nucleus, the peri¬ 
carp region and in some cases in the antipodaK as well* Occurrence of 
similar grains has been observed by Cooper (1937) in Zea mav r 



TfcXT-Fios—2 12 Figs — 2/3, 8, 9, 10 A 12— Setana traflca Fig 4 Pamcum mtliaceum 
Fig* 5, 6 A 7 Efeusme coracana Fig 11 Penmseturn typhouieum Fig 2 Nature of integu¬ 
ments, outer incomplete, lower half forming a pad over the nucropyle - 150 Fig 3 Showing 
megaspore mother cell with the apical epidermal cell enlarged * 5W Fig 4 Part of the 
ovule showing m m c nucleus at metaphase y 450 Fig 5 M m c nucleus at telophase 
x 550 Fig, 6 Dyad ot megasports, the nuclei in the process of second division x 800 
Fig 7 Linear tetrad of megaspores v 800 Fig. 8 Functional megasporc with throe 
degenerated megasporcs forming u T-shaped mass, the epidermal nucellus 2-laytrod / 1,100 
Fig 9 Embryo-sac nuclei at secogd meuphase with vacuoles m the centre and chatazat 
end, nuceUar celts degenerated to form a nutrition layer round the sac > U00 Fig 10. 
8-nucleate embryo-sac / 1,!00 Fig 11 Young embryo-sac with full complement x 800 
Fig. 32. Mature embryo-sac x 800 Figures reduced to half their original magnifications. 
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The two polar nuclei are the largest in the embryo-sac (compare Table I). 
They usually Ue in close proximity of the egg cell, in which position they fuse. 

Almost the first to be differentiated and the most prominent feature of 
the embryo-sacs are the antipodals They possess the largest cells in the 
sac Early in embryo-sac development, in all except Eleusine , the three 
antipodals commence division to form a tissue of usually 3-6 cells with 1-5 
nuclei in each, the number and form varying with each of the four plants. 
In Panicum the usual form is for all the three cells to divide once forming a 
tissue of 6 cells with one nucleus in each, but quite frequently onlv two of 
the cells might divide, thus forming a 5-celled antipodal convex in which 
four of the cells are uninucleate and one cell binucleate (Figs 17, 18). In 
no case, however, more than six nuclei were observed. In Setana there are 
usually 3-5 cells with 1-4 nuclei in each, though not more than ten nuclei 
were observed in any case (Fig 19 a~e) A large number of nuclei are usually 
associated with the antipodals of Penmsetum —as many as 23 being counted 
in some cases, though the number of cells are never more than six In all 
the three plants, however, with the maturation of the embryo-sac the anti¬ 
podal celts enlarge, their contents become vacuolated and the cytoplasm 
starts aggregating around the coalescing nuclei (Fig 20) With the forma¬ 
tion of the zygote, the nucellar tissue adjoining antipodals disintegrates till 
a passage is established to the chalaza Later the whole structure is crowded 
out with the growth of the endosperm In Eleusme , a very different type of 
antipodals was met with In this, the 3 cells enlarge considerably without 
dividing, form a dense cytoplasm and the nuclei become large and prominent, 
often dividing into two in each cell With the development of the endosperm, 
the cells are pushed to one side (towards which the funiculus is situated), but 
remain active till late in embryogeny (Figs 13 21) Cooper and Brink 
(1944) also found antipodals being similarly pushed towards the funicular 
side by the growing endosperm m Hordeum jubatum, thus indicating the 
important role played by them in the nutrition of the gametophyte and the 
young embryo 

Fertilization 

Fertilization is porogamous One of the pollen tubes enters through the 
micropyle, between the integuments and nucellar cells and was seen to lie 
close to the egg The actual discharge of the sperms was not observed in 
any case, though the male nucleus was observed in close proximity to the 
egg nucleus in quite a number of instances. One of the synergids is dis¬ 
organised with the entry of the pollen tube and the other is often found 
intact even after fertilization (Figs 23, 24, 25) In Zea may v the pollen tube 
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TeXT-Fios 13-26 Figs 13,21 Eieustne coracawt Figs 14,15,16,18,23,25 —Panicum 
miliaceum Figs 15, \9-Setaria italic a Figs 20,22, 24, 26 -Ptnnisetum tvpholdeum Fig 13 
Mature embryo-sac x 2,000 Fig 14 Embryo-sac before division of the antipodal cells 
X 550 Fig. 15 Egg apparatus prior to fertilization Synergids with hyaline stnations on 
their inner walls and lower outer ends hooked , eggs considerably enlarged with starch grains, 
the polar nuclei prior to fusion x 1,100 F*ig 16 Fgg, synergid and the fused polar nuclei 
x 550, Fig 17 Antipodal complex 5 cells, 4 uninucleate and l btnucleale x 550 Fig IS 
Transverse view of uutipodals x 550 Fig 19 a « Various stages in the development of the 
antipodal cells x 1,100 Fig 20 Transverse view of antipodals showing greatly vacuolated 
cells with nuclei in a degenerating state x 350 Fig 21 Post-fertilualion stage, the active 
and undivided antipodal cells pushed to one side by the growing endosperm , deposit of starch 
grains near the egg x 450 Fig 22 Triple fusion nucleus x 700 Fig 23 Post-fertilization 
ctags x 350 Fig. 24. Post-fertilization stage—formation of endosperm x 700 Fig 25 
Male gamete inside the egg nucleus x 550 Fig 25 Showing the multiple number of nucleoli 
i a the initial endosperm nucleus x 700. Figures reduced to k their original magnifications. 
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enters between the synergids, so that neither of them is disorganised (Cooper, 
1937), m Festuca, Anthoxanthum, Coleanthus and Bambusa the synergids 
arc destroyed before fertilization (Sehnarf, 1931) In Eleusine, Krishna* 
swamy and Rangaswami (1931) record the occurrence of fertilization 6 hours 
after pollination, Taradau (1927-28) in Oryza— after 12 hours, and Percival 
in Triticwn after 30-40 hours The male nucleus as far as could be determined 
appeared spherical to oval and not vermiform as in wheat (Percival). 
Sterile embryo-sacs, m a degenerating state were found in abundance both in 
Panicum and Eteusme 

Endosperm 

Triple fusion, first observed by Nawaschin (1898) and now considered to 
be of general occurrence was observed in Pemisetum when all the nuclei 
were seen fusing together (Fig 22) The primary endosperm nucleus divides 
soon after fertilization and sometimes even before fertilization is complete, 
apparently without undergoing any rest Numerous nuclei are formed 
interconnected by cytoplasmic strands and lying at first peripherally and 
then filling up the whole sac cavity The changes in the egg arc compara¬ 
tively slow, 40-50 endosperm nuclei being formed before even the first 
division of the zygote takes place Cell wall formation commences near 
the embryo when it is from 4-8 celled, cells cut out being uninucleate with 
1-3 nucleoii in each. Quite frequently m Panicum and Pennisetum , the 
primary endosperm nucleus forms numerous nucleoli before it starts dividing 
(Figs 23, 26); later these nuclei are seen in various stages of fusion (Fig 25). 
The parietal layer of cells gradually encroaches towards the centre, com¬ 
pletely obliterating the cavity Gordon (1922) found that m the formation 
of the endosperm of wheat, barley and oats,—“ the lining layer of the 
embryo-sac assumes the character of cambium, which produces segment 
cells only on its inner surface ” There is no parietal tissue formation in any 
of the millets under consideration Storage with starch begins when the 
endosperm is completely formed and first of the starch appears at the end 
furthest from the embryo but in course of time all the cells are packed, 
except the surface aleurone layer. 

Embryo 

The egg after fertilization undergoes a long period of rest and then 
divides It is very rare for the fertilized egg to divide before the primary 
endosperm nucleus, but this was noted m some Pennisetum preparations, 
where a 2-celled embryo had already formed, while the polar nuclei had not 
even fused (Fig 27) This is probably due to failure of triple fusion, as the 
male nucleus was nowhere to be observed. 
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The first division of the zygote is at right angle to its longitudinal axis— 
thus dividing it transversely into two cells. The apical cell then divides 
transversely once forming two cells, both of which divide vertically to form 



TexT-Fkw -27-35 Figs 27-34 Pcnmsctum typholdeum Fig *5 Setaria italica 
Fig. 27 Pro embryo of 2 cells, endosperm not formed x 700 Fig 28 First division of the 
zygote x 700 Figs 29-34 Different stages of the development of the embryo, explanation 
in text Fig 29 x 400, Fig 30 x 700 Figs 31-33 x 400 Fig 34 / 250 Fig 35 

Embryo x 150 Figures reduced to f their original magnifications 

4 ceils. These four cells form the initial embryo (Figs 28, 29, 30) Growth 
and further divisions in all directions soon produces a central core of cells 
enclosed in a well marked epidermis (Fig 31) The basal cell m the mean* 
time divides to form the multicellular suspensor, though a feebly developed 
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suspensor is the common rule in Grammes. In Avena fatua the suspensof 
consists only of the primary basal cell (Cannon* 1900) The pro-embryo 
at this stage appears as a club-shaped body wj th a narrow elongated base 
Above the apex on the side opposite the endosperm a protuberance forms 
(Fig 32) The distal portion of the embryo below this protuberance 
develops as the scutellum The coleoptile appears as a ring of tissue, which 
grows over this protuberance or the stem-apex (Fig. 33) As the lower 
half of the ring grows more rapidly than the upper, it appears as a prominent 
scale in longitudinal section (Fig 34) No epiblast was observed in any of 
the embryos. Meanwhile the mass of tissue constituting the upper end of 
the embryo, commences to divide and so differentiates the root Owing to 
unequal growth a split forms in the tissue, separating the basal ground 
tissue from the root initial By further growth this cavity enlarges so that 
on maturity the upper portion of the ground tissue appears as a sheath—the 
coleorhiza—enclosing the root proper (Fig 35) This agrees with PercivaF 8 
findings on wheat No cases of polycmbryony were observed 

Integument and Pericarp 

The development of the integuments in millets is similar to that recorded 
for wheat, nee and maize Of the two integuments, the outer is shorter 
and degenerates after some time, leaving the inner one to form the seed coat. 
In Piintcum , however, both the integuments are complete and the tip cf the 
outer one becomes multicellular with the growth of the embryo-sac In 
Eleusine with fertilization of the egg, the outer integument starts disorga¬ 
nizing. and the cells of the inner integument show an enlargement m size; 
the growth js more prominent in the inner la>er, particularly at the micro- 
pylar end and it commences from the chalazal region With the formation 
of the embryo, brown deposits probably tannin (Harrington, 192a) appear 
—the outer cell layer of the inner integument taking no part in this and 
collapsing after some time The grain in Eleusine is an utricle, the pericarp 
coming off as a thin whitish covering with threshing (Knshnaswamy and 
Rangaswami, 1937) The pericarp development is the same as already 
recorded by Peruval for wheat 


Discussion 

Gyncecium —The number of carpels m Gramme* has long been a point 
of controversy, but the majority trend of opinion is in favour of a mono- 
carpcllary simple ovary, though in order to put forth a feasible explana¬ 
tion for the presence of more than one style, the existence of two or more 
carpels has often been suggested According to Walker (1906) and Hector, 
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the gyncecium of Gramme* can be best regarded as the product of fusion 
of three carpels In the “ Grass-type ”, two producing the styles or the 
silk and the third the ovule, e g , Zea mays, Selarta italica and others, whereas 
in the “ Bamboo-type ” all the three carpels going to the production of 
styles. Rangasami (1935) considers the gyncecium of Pennisetum typhoideum 
as the product of two carpels; one short and thick, producing the ovule 
and the other thinner one, the style In support of his statement he records 
the presence of two branches of vascular traces passing to the carpels 
Rangasami unfortunately seems to have confined his observations to only 
longitudinal sections taken from one side of the material showing fusion of 
the carpellary margins at the apex This would naturally give the impression 
of the presence of two carpels, only one of which would seem prolonged into 
the style If, however, longitudinal sections are cut from the front face, it is 
seen that both the ends go to the formation of the 2 styles which arc slightly 
connate at the base (Fig. 1 /j) It is in the transverse section of very young 
flowers that the true picture of the gyncecium is revealed The single carpel 
arises as a ring of tissue from the base of the morphological apex of the 
floral axis and possesses three vascular traces—a large median trace with two 
smaller lateral ones—similar arrangement to that found m the glumes of the 
flower Tae thicker median trace indicates the fusion of the axis to the 
carpel, which in longitudinal section led Rangasami to believe that the 
ovule originated from the carpel The number of carpels and development 
of the gyncecium is similar in all the four materials 

Female Gametophvte -~Tnc archesponal cell generally appears shortly 
after the inner integument is formed, this fact holding true for E loracana 
as well, and not long after both the integuments are differentiated as stated 
by Knshnaswamy and Rangaswami (1937) As usual in Gramirc* the 
archesponal cell without dividing forms the megaspore mother cell—no 
parietal or covering cells being formed, Cornucopia nocturnum, however, may 
be quoted as an exceptional case where Guignard records the presence of 
covering cells. But what usually happens in the millets is that the micropyiar 
nucellus divides by penclmal walls becoming many layered. Weatherwax 
(1916) in Zea found these epidermal celU degenerating after dividing by 
tangential walls What K Rangasami considers to be the parietal cell m 
P typhoideum appears to be nothing more than the nucellus formed by the 
division of the epidermal cell—a condition of frequent occurrence in the 
millets. 

In this connection it is interesting to note that m all the materials though 
the tetrad formation ts linear, the degenerating megaspores always gwe the 
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impression of a T-shaped structure due to reasons already stated. No men¬ 
tion of this feature, however, has been made either by K, Rangasami or 
Rangaswami-Krishnaswamy in their studies on Indian Millets 

The shape and size of the embryo-sacs varies greatly between the four 
genera The length of the embryo-sac may be from about 2*7 in Setaria 
to about 4 times the breadth in Eleusme, though usually it is about thnee the 
breadth. The size of the embryo-sac has very little to do with the size of 
the cells in the egg apparatus and antipodals Though Panicum has the 
largest embryo-sac (115 9 x 36 2/0, yet Petvnsetum has the largest egg 
(28 8 x 14 8/x) and antipodal cells (31 3 x 21 6), This incongruity in 
the size of the embryo-sacs is also evident in the size of the nuclei (compare 
Table I) The nuclei of Eleusme are comparatively larger than those of any 
of the others, whereas those of Se'aria appear to be the smallest The polar 
nuclei are the largest in the sac, about 2-3 times the size of the others; in 
Pamcum it reaches a dimension of about 14 0/4 

Strongly developed antipodals are characteristic not only of millets 
but of all Gramme* In Trihcum it is 6-10 celled at fertilization (Percival) 
though more than 38 have been observed by Kdermcke (1896) after fertiliza¬ 
tion In Zea mays the number varies from 24-36, the largest number recorded 
so far being 60 for Bamkusa bamboo Similarly well-developed antipodal* 
have also been observed in Oryza, Sorghum, Hordeum and others. 

Schnarf (1931) on the basis of the number of antipodal®, groups the 
Gramme* into three classes (i) those with only three big cells, each con¬ 
taining 1-a nuclei as in Cornucopia nocturnum Alopecurus pratensis , Avena 
pubescens, etc , (n) those with only up to 10, 1-a nucleate antipodals and 
(in) those with more than 12 cells as in Avena fatua, Trineum, Oryza , etc. 
Of the millets, Eleusme may be classed in the first of these groups and the 
rest in the second 

The antipodal cells enlarge and divide with the maturation of the embryo- 
sac On the basis of this fact Brink and Cooper (1944) suggest that the 
activation of the antipodal nuclei and enlargement of the cells is affected by 
the entry of the male gamete and later by fertilization This, however, cannot 
be confirmed by the observations made on the millets, as quite frequently 
the cells enlarge and become vacuolated even prior to fertilization and later 
disintegrate. Similar condition prevails in Saccharum , where the cell* 
degenerate prior to fertilization. 

Antipodals may sometimes persist for a long period. In Zea and Coix 
laerfma Weatherwax (1926) found them m almost ripe seeds. 
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The nutritive function of the antipodals seems to have been first suggested 
by Hofmeister (1849) and conclusively proved by Westcrmaier (! 890) Ikeda 
(1902) observed that the antipodals are nutritively active from the full matura¬ 
tion of the sac to the formation of endosperm, after which they gradually 
change their structure and weaken, during this period the antipodals serve 
to conduct food for the growth of the egg apparatus and endosperm forma¬ 
tion From this fact, he divides the antipodals into two general types - 
passive and aggressive In passive type the antipodals remain active, often 
become very much enlarged and even form a mass of tissue, but they are not 
associated with an invasion of the chalazal region and simply receive material 
from it. This is the type characteristic of the Monocotyledons (except 
Gramme®) In the aggressive type active and often multiplying antipodals 
arc associated with the penetration of the chalazal region by the elongated 
antipodal cells The millets exhibit both the types In Eleusme we find the 
first kind and in others the second kind of antipodals 

Embryo - Of the three-celled pro-embryo, Krishnaswamy and Ranga- 
swami are of the opinion that only the terminal cell goes to the formation of 
the embryo proper and the rest by one or two divisions forms the suspensor. 
This does not appear to be the case from a close observation of the present 
material Both the terminal celts go to the formation of the embryo and the 
basal cell by a few divisions forms the suspensor 

The divisions following on the first two were found to be irregular, often 
forming multt-nucleate cells, so that no special significance can be attached 
to the sequence of cell division or to the arrangement of cells m the early 
development of the embryo This is in agreement with the findings of 
Randolph (1936) in Zea and of M’rry (1941) m Hordeum Differentiation 
of organs according to Bennett (1944) begins 60-72 hours after pollination. 
The clear-cut differentiation attributed to the pro-embryo of grasses by 
Souges (1924) jn his studies on Poa annua cannot be corroborated by the 
investigation on Indian millets Neither is it possible to support Krishna¬ 
swamy and Rangaswami in their statement that the embryo of Eleusme 
shows a differentiation into epidermis, plerome and penblem 

Further, Krishnaswamy and Rangaswami record the presence of epi- 
Wast in Eleusme , whereas this structure was not observed m any of the 
embryos studied It dearly appears from the illustration given by the above 
authors that the structure labelled as epiblast is nothing but the lower half 
of the coieoptile which grows more rapidly than the upper half and appears 
as a promyient scale in longitudinal section. 
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Summary 

1. The floral members arise as protuberances of the rachillathe 
order of succession being-glumes, lemma, palea, stamens, Jodicules and 
gyncecium 

2. The gynce:iura consists of a monocarpellary ovary with a single 
terminal ovule and two styles 

3 There are two integuments, inner forming the micropyle and the 
outer incomplete; both are 2-layered In Panicum both the integuments 
form the micropyle 

4 The archesponum comprises of a solitary, hypodermal cell, no 
parietal cells being formed Setana shows a peculiar hypertrophy of one 
of the epidermal apical cells 

5. Tetrad formation is linear; lowest megaspore forms the embryo-sac 
mother cell 

6 The mature embryo-sac is 8-nucleate and of the normal type in all 
the plants 

7 The egg-apparatus is typical, the egg cell is slightly larger than the 
synergids and elongates considerably after fertilization. It has a heavy 
deposit of starch grains The polar nuclei are large and lie in close proxi¬ 
mity to the egg where they fuse 

8 The antipodals are well developed—the forms varying in the four 
plants In Eleusine none of the 3 cells divide but become large and promi¬ 
nent; in Panuim they form a tissue of 6 uninucleate cells; m Setaria there 
are 3-5,1-4 nucleate ceils and in Pennisetum there are 6 multinucleatc cells 
Eleusitie has the passive type and the rest the aggressive type of antipodals 

9. Fertilization is porogamous and the sperm cell is spherical, 

10 The primary endosperm nucleus undergoes free nuclear division 
without rest—wall formation commencing near the embryo first. 

11 The zygote divides to form a three-celled proembryo, the two 
terminal ones of which divide and redivide to form the embryo and the basal 
one the suspensor The embryo consists of a terminal cotyledon, the 
cokoptile enclosing the laterally situated stem apex and the coleorbiza 
enclosing the radicle with its root-cap, 

12 Of the two integuments, the outer one disintegrates, the Inner 
forming the seed coat; deposits occur in the surviving coat of Eleusine seed. 
Pericarp development same as recorded for wheat 
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Introduction 

In a previous paper 1 the effect of sub-optimal, optimal and supra-opttmal 
doses of nitrogen, phosphoric acid and potash, was investigated urder condi¬ 
tions of pot culture. Specific responses under varied conditions of nutrient 
supply in soil were pointed out: under conditions of non-limiting phosphoric 
acid and potash, nitrogen was noted to improve reproductive growth more 
than vegetative with each successive addition of this ingredient Potash on 
the contrary, unproved vegetative growth more than reproductive when 
N and P were supplied m non-limiting doses as basal dressing Phosphoric 
acid in sub-optimal and supra-optimal doses behaved like potash in increasing 
vegetative vigour; in optimal dressings it improved reproductive growth 
and thus m effect resembled nitrogen High yields were under all condi¬ 
tions of nutrition invariably associated with low h^ight/tiiler rano. Protein 
content was always high in cultures well supplied with nitrogen and phos¬ 
phoric acid. 

While specific responses were thus recorded when each of the ingredients 
N, P, or K were varied only one at a time, it remained to be investigated as 
to how far the responses differed when one, two or three of these were 
simultaneously increased or decreased above or below their respective 
optimal doses. The present paper elucidates these effects under sand-cultural 
conditions. 

Procedure of Experimentation 

Tae experiment was conducted in cement concrete pots 18 x 12* in 
size each filled with 30 kgm. of sand. Eight series of cultures were 
maintained as indicated below 

1* Standard fertiliser culture : where the standard dose of N, P, and K 
was maintained at 60 lbs. N, 40 lbs. P a O,, and 30 lbs, of K*0 per 
acre; actual quantity added per pot was calculated on top sur¬ 
face area basis of pots. Nutrients were added in the form of 
sulphate of ammonia, superphosphate and sulphate of potash. 
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2 Nitrogen deficiency-sufficiency cultures : where P and K were main¬ 
tained as in (i) and only N varied as £, 2, 4 and 8 times the 

standard dose. 

3. Phosphorus deficiency-sufficiency cultures : where N and K were 

maintained as in (1); P varied as L b b & 4, * times the 

standard dose. 

4. Potash deficiency-sufficiency cultures : where N and P were main¬ 

tained as in (1) and only K varied as 2, 4, and 8 times the 

standard dose 

5 NP deficiency-sufficiency cultures : where K was maintained as in 

(1) and both N and P varied simultaneously as|, £, 2, 4, and 8 

times the respective standard doses. 

6 NK deficiency-sufficiency cultures: where P was maintained as in 

(1) and both N and K varied simultaneously as L 2, 4 and 8 
times the respective standard doses. 

7 PK deficiency-sufficiency cultures : where N was maintained as in 

(1) and both P and K varied simultaneously as i, 2, 4 and 8 
times the standard doses. 

8 NPK deficiency-sufficiency cultures * where the dose of all the three 

ingredients was simultaneously varied as 2, 4 and 8 times 

their respective standard doses No basal dressing of any 
ingredient was applied. 

The treatments totalled 43, and were replicated five times, thus making the 
total number of cultures to 43 x 5 or 215 The experiment was conducted 
during the cropping reason of 1939-40 on wheat (var Pusa 52) Six plants 
pet pot were allowed to grow throughout the hfe-cycle. Fertilisers were 
applied at sowing Proper care was taken regarding watering and hoeing 
at successive stages of the hfe-cycle. 

Growth characters,^ Five plants, one from each replication, were selected 
at random, and tagged e,ariy in the hfe*cycle for the study of the following 
growth characters* (i) Height of the main shoot; (n) Number of green 
leaves on main shoot; (in) Leaf length; (iv) Leaf width; (v) total number 
of tillers (shoots) per plant, (\i) ear-bearing tillers per plant* (vii) ear length; 
(vui) gram yield per pot; (ix) straw yield per pot; and (x) absolute weight of 
seeds. Records of these characters were maintained at one or different 
stages of the hfe-eycle Height/nller and total tiifer/ear-beafing tiller ratios 
were calculated on the basis of the mean Jifc-cycle values recorded for these 
characters. 
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Nitrogen content of grain —Analysis of grain was conducted on the 
composite grain sample from all replications. Composite sample of air-dry 
seeds was crushed in a laboratory mill; flour obtained was stored in air- 
, tight sampling bottles till it was needed for analysis Total nitrogen m flour 
was determined by Kjeldahl’s method modified to include nitrate nitrogen*; 
protein nitrogen was estimated by soaking the flour in 2 5 per cent solu¬ 
tion of tnchlor-acctic acid for an hour and filtering through ashless filter- 
paper After repeated washing with trichlor-acetic acid, the leached material 
was digested With filter-paper as jn case of total nitrogen True protein 
percentage was obtained by multiplying the protein nitrogen by 6 25. 

Experimental Results 

A, Effects of Nitrogen upon Growth Characters and Nitrogen 
Content of Wheat 

All growth characters were affected by the level of nitrogen supplied to 
the culture medium (Fig. 1, Tabic 1) Height, leaf width, total number of 
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Table I 

Growth characters , yield, and nitrogen content of wheat under 
varying levels of nitrogen 


Standard dose of N *• 60 lbs N per acre 



Characters 

S/8 

S/4 ! 

S/2 

S 

2S 1 

*3 

8S 

1 

Mean height (inches) 

13 83 

14*4 

18*18 

18*95 

19*83 

19*04 

16*40 

s 

Mean number of green 
leaves on main shoot 

3 60 

3-92 

3-92 

3*44 

3 80 

4*12 

3*93 

3 

Mean leaf length (In ) 

5 81 

6 81 

5*44 

6*39 

7 82 

7*90 

5-94 

4. 

Mean leaf width (In ) 

0*33 

0-34 

0*38 

0*87 

0*47 

0*46 

0*43 

6 

Mean number of tillers 

a 55 

3 95 

4 90 

4*85 

6-15 

7*35 

6*35 

6. 

Number of ear bearing 
tillers 

Ear length (in ) 

1 0 

1 0 

1 2 

2 0 

3 0 

3-60 

6*20 

7 

4 '8 

4 40 

5*14 

5 10 

5*58 

6-24 

6-06 

8 

Grain yield (gm 1 

3-0 

3 40 

6*40 

5-20 

18*30 

19*00 

12*50 

9. 

Straw yield (gm ) 

5 8 

7 30 

11 80 

12*70 

30-10 

28*80 

23*00 

10 

Absolute Wt. (gm ) 

3 07 

3 29 

3*20 

3*83 

3*31 

3*61 

1*87 

11 

Height/tlller ratio 

3 9 

3 65 

3 29 

3-84 

3-22 

2*59 

2*58 

It. 

Straw/grain ratio . 

1 93 

1 66 

l 80 

2*23 

1 1-64 

1-49 

1*84 

13 

Total Slier /ear-bearing 

3 65 

3 95 

4 08 

2*83 

2*05 

2*04 

1-02 

/ tillers 

Total N % In grain 

1-093 

1*636 

1 474 

1 492 

1-665 

2 656 

8*663 

15 

Protein N % in grain 

1 656 

j 1 478 

1-334 

1 334 

1*413 

2*466 

3*281 

16 

1 rue Protein % ., 

9-719 

; 9 226 

8 338 

8*338 

8-831 

16-413 

[ 20*006 

17 

Protein N as % total 
nitrogen 

91 849 

! 90 220 

l 

90*602 

89*410 

65*378 

| 92 845 

88*843 


Note —Characters 1 Sc 2 average of five stages (30, 45, SO, 90 and 120 days), 

3-5 mean of four stages (30, 45, 60 and 90 days), 

„ 6-7 recorded at one stage (120 days) only 

„ 8-10 recorded at harvest. 

„ 11 A 13 4 calculated from mean life-cycle values. 

„ 12 calculated from values at harvest 

„ 14-17 . quantitative estimation in harvested grain 

C D at 5% for grain yield only ± 2 27. 

tillers, ear-bearing tillers, ear length, grain and straw yield were higher under 
heavier nitrogen dressings Supra-optimal doses of the order of 2 or 4 times 
the standard level were very effective in bringing about the above changed. 
Yields of grain and straw were maximum under these doses Further increase 
in nitrogen to eight times the standard dose, though helpful m so far as ear- 
bearing tillers was concerned, proved to be toxic in effect. This was noticeable 
On all characters. Range of toxicity differed with the character; in some 
cases for instance, height, toxic effects of nitrogen were evident at lower 
levels; in others, they were evin 9 ed only under the highest dose of nitrogen 
tried in these investigations yfotal nitrogen and protein nitrogen content 
of gram were increased with each successive increase in nitrogen even upito 
the highest supra-optimal dose.* Protein nitrogen expressed as percentage 
of total nitrogen, however, was not affected so much. 

S' * For purposes of comparison all effects are discussed relative to standard dOsea of 
(SO lbs. N, 40 lbs PjO # and 30 lbs. K,0—doses which were found optimal in the invest!* 
|gfcioa» of nutritional response <*)* 
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It was curious to note that while height and tillering both increased with 
nitrogen application, the ratio of height/tiller showed a decrease with 
increasing nitrogen levels There appeared to be greater production of tillers 
under heavier nitrogen doses than a corresponding increase in height. The 
proportion of total tiller to ear-bearing tillers increased under sub-optimal 
dressings b% definitely fell down under optimal and supra-optimal doses of 
nitrogen. High gram yields under heavy applications of nitrogen were thus 
associated with low height/tiller and low total tiller/ear-bearmg tiller ratios; 
conversely, low yields were associated with high ratios of height/tiller and 
total tiller/ear-bearing tiller Straw/gram ratio on the other hand, was high 
under optimal doses and declined on both sides of the optimum. 

S Effects of Phosphoric Acid upon Growth Characters and 
Nitrogen Content of Wheat 

Effects of phosphoric acid under otherwise adequate supplies of nitrogen 
and potash were less characteristic. Increasing doses of P were helpful in 
improving vegetative vigour, increasing height, tillering and leaf length; 
this was particularly noticeable m supra-optimal dressings. Gram and straw 
yields were also high under these high doses In general, sub-optima) 

Table II 

Growth characters, yield and nitrogen content of wheat grain 
under varying leveh of phosphoric acid 


Standard dose of P » 40 lbs P a O B per aero 


Characters 

S/8 

S/4 

S/2 ' 

S 

2S 

4S 

8S 

1. 

Mean height (inches) 

18 24 

; 17 54 

17-74 ' 

16 03 

10 96 

10*36 

20*10 

2. 

Mean number of green 

3 68 

3 60 

3 64 

3 62 

3*46 

3*83 

3*52 


leares on main shoot 



1 


l 



S 

Mean leaf length (tn ) 

6 78 

6*77 

7 46 ! 

6 73 

8 08 

7 81 

7*35 

4. 

Mean leaf width (u ) 

0-46 

0*38 

0 40 

0*38 

! 0 43 

0*40 

0 44 

5. 

Mean number of tillers ,, 

4*55 

4 06 

6 46 , 

4 66 

6*75 

0*45 

0*10 

6. 

Number of ear-bearing 

3 0 

2 2 

2*0 

2 0 

4 2 

2 6 

4 0 


tillers 








T. 

Ear length (in ) 

5*36 

C 62 

5 32 

4*1 

5 62 

5 44 

5*30 

8. 

Gram yield fgm.) 

8 2 

7 2 

7*0 

5 2 

14*2 

14 62 

14 0 

8. 

Straw yield (gm ) 

16 8 

16*8 

12 8 

12*7 

27 8 

23 8 

27 2 

10. 

Absolute/weight seeds 

3 18 

3*38 

3 82 

3 63 

3 29 

4 00 

3 20 

U 

Height/tiller ratio 

4*0 

3 60 

3*26 

3*64 

2 06 

3*0 

3*3 

18. 

Slraw/graln ratio 

1 92 

2 10 

1 83 

2*44 

1 74 

1*02 

1*04 

IS. 

Total tilleis/ear bearing 

1 62 

2*25 

2 77 

2 32 

1 00 

2*49 

1*52 

r/ 

tillers 

Total 1? % in grain 

Em) 

1*426 

1 416 

1 492 

l 847 

• 

1*401 

1 483 

15. 

Protein N % In grain 

liw 

1 300 

1*327 

1 334 

1 275 

1 321 

1*331 


True Protein % 

8*11 

s no 

8 294 

8 338 

! 7 960 

8 250 : 

8*310 

17 

Protein N as % total 

86*600 

01*228 

93*716 



94 280 1 

89*750 


nitrogen 




| 89 410 

| 04 663 




Afyfr—Refer Table I; C, D for grain yield t ± 3*6$, 
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dressings were less useful than supra-optimal doses on majority of plant 
characters Leaf number remained practically unaffected; so were the effects 
of varying phosphoric acid supply upon total nitrogen and protein nitrogen 
content of the grain. Higher doses of P, however, helped in greater pro* 
portion of protein to total nitrogen (Fig 2, Table II) 



Fw. 2. Effect of varying levels of phosphoric add upon growth characters 
and nitrogen content of wheat grain 


Straw/gram ratio fluctuated only slightly with each successive additions 
of P and exhibited higher values for the standard dose. Height/tjller ratio 
showed a characteristic fall with increasing doses of phosphoric acid. There 
was a greater tendency of tillering as compared to shoot elongation under 
heavy doses of P. Sub-optimal doses of the order of $ and } the standard 
level of phosphoric acid, showed increasing ratio of total tiller/ear-bearirg 
tillers; supra-optimal and optimal doses with one single exception lowered 
it. There was a tendency of greater fertility of tillers under heavy phosphorous 
feeding than under lower levels of phosphorous nutrition. 
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C Effects of Potash upon Growth Characters and Nitrogen Content 

of Grain 

The effects of potash were quite contrasting m supra-optimal and sub- 
optimal doses. In the latter case, increasing potash resulted in low gram 
and straw yields, accompanied by more or less similar decline m leaf size, 
fertile tillers, ear length, and absolute weight of grain. Increasing potash 
application w the sufficiency series resulted on the contrary, in improving 
grain yield, straw, ear length, tillering particularly fertile tillers erd kaf size 
(Fig. 3, Table III). Total nitrogen content of grain and protein nitrogen 



F». 3, Effects of focreasiog levels of pousb upon growth characters and nitrogen 
content of wheat gram 

percentage, did not differ materially except under the highest dose when 
higher values were recorded. Protein nitrogen expressed as percentage of 
total N was, however, slightly higher under supra-optimai potash dressings. 
Straw/grain ratio also altered but little except under heaviest dose of potash 
which raised it. Increasing potash upto standard dose produced larger 
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Table III 


Growth characters, yield and nitrogen content of wheat grain as 
affected by varying levels of potash 

Standard dose of potash — 30 lbs K,0 per acre 



Characters 



S/2 

S 

2S 

4$ 

S3 

1 

Mean height (inches) 

19*27 

19 16 

23 39 

16 95 

16 72 

20*70 

19 10 

I, 

Me«n number of green 
leaves on main shoot 

3*3 

I 3*92 

3 32 

3*48 

3*20 

i 

3*40 ' 

3*46 

3 

Mean leaf length (In ) 

7*78 

7*51 

7*67 

6*73 

7*78 

8*30 

7*88 

4 

Mean leaf width (In ) 

0*40 

0 38 

0*38 

0*40 

0 45 I 

0*40 

0*42 

6. 

Mean comber of tillers 

6 40 

5*70 

5 30 

4 66 

5*96 

6*55 

6*95 

6 

Number of ear bearing 
tillers 

3 2 

2 8 

2 e 

2*0 

3*0 | 

! 

3*4 

2*6 


Ear length (in ) 

5*36 

5 2 

4 6 

6*1 

5*36 

ff 36 

6*18 

8. 

Groin yield (gm ) 

14 3 

10 0 

9 4 

*5 2 

11 0 

15*52 

6*4 

0. 

Straw yield (gm ) 

26*2 

21*4 

20*6 

12*7 

22 4 

24 8 

24*4 

10. 

Absolute wt of seeds 

3 71 

3*42 

3 38 

3 63 

3 31 

3*53 

3*39 

11. 

Height/tiller ratio 

3*67 

3*36 

4*41 

S 64 

8*15 

8*73 

3*21 

12. 

Straw/grain ratio ., 

Total tiller/ear bearing 
tillers 

Total N % In grain 

1 83 

2 14 

2*19 

2*25 

2*04 

1 66 

3 81 

13. 

1 69 

2 03 

2 03 

2*32 

1*98 

1*63 

2*29 

14. 

1 501 

1 SOI 

1*444 

1*492 

1-405 

1 309 

1*444 

i«. 

Protein N % in grain 

1*300 

1*352 

1 263 

1 334 

1*271 

1*244 

1*393 

16 

Ttae protein % 

6 11 

S 45 

7 894 

8*338 

7*944 

7*775 

8*700 

17. 

Protein N as % total 
nitrogen 

80*609 

90*073 

87 465 

89*410 

90 463 

95*034 

1 

96*390 


Refer Table I { C D. at 5% for grain yield * ± 0*97. 

number of shoots as compared to fertile tillers; further increases improved 
fertility of tillers moPe. Height/tiller ratio was affected less maikedly. 

D. Effects of Levels of NP upon Growth Characters and Nitrogen 
Content of Grain 

When both nitrogen and phosphoric acid were raised simultaneously 
from the lowest sub-optimal to the highest supra-optimal level, the effect on 
growth characters and nitrogen content w«£w most characteristic (Fig. 4, 
Table IV). Height, leaf size, tillering, ear length, gram and straw also 
increased with each successive additions of these two ingredients. Absolute 
weight was increased only upto the standard dose and later declined under 
supra-optimal dressings Green leaves on the main shoot showed a conti¬ 
nuous fall with each succes&ve increases of NP even upto the highest dose 
of these ingredients. Total and protein nitrogen in sub-optimal and optimal 
dressings were not affected markedly; in higher doses of NP, these wefa 
markedly increased. Protein N expressed as percentage of total nitrogen 
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slightly increased under NP application upto four times the standard dose 
of these ingredients and only showed a fail under highest level of NP, 

Straw/grain ratio was increased in response to NP application upto the 
standard level but subsequent increases lowered this ratio . Heighf/tzMer 



Fw. 4. Effect of increasing levels of NP upon growth characters yield and nitrogen 
content of wheat grain. 

ratio was progressively lowered with each successive additions; the effects 
on total tiller/ear-bearing tillers though similar were less characteristic. 

E* Effects of NK upon Growth Characters and Nitrogen Content 
of Wheat Grain 

Simultaneous increases in NK under otherwise constant level of P, 
also helped in improving majority of growth characters. Increases upto 
two or four times the standard dose improved vegetative vigour, increased 
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Tablb IV 

Growth characters, yield and nitrogen content of wheat grain as 
influenced by varying levels of NP 


Standard dose of NP - 60 lbs N plua 40 lbs P,O f per acre 



Characters 

S/8 

S/4 

S/2 

— 

s 

2S 

48 

88 

1, 

Mean height (inches) 

13*86 

14 60 

17 88 

16*97 

20*11 


19*77 

2 

Mean number of green 
leaves on main shoot 

3 88 

3*72 

3*84 

3*48 

3*52 

3*30 

8*32 

3, 

Mean leaf length fin ) 

5 90 

6 19 

7*23 

7 13 


8*89 

7*92 

4. 

Mean leaf width (in ) 

0*32 

0 88 



Ell 


0*42 

6, 

Mean namber of tillers 

3 0 

3 2 

4 *20 

4 60 

6*95 

7-0 

6*50 

6 

M ean namber of ear* 
bearing tillers 

1*0 

1*0 

1 8 

so 

3*2 

2-6 

3*4 

7, 

Ear length (in ) 

Grain yield (gm ) • 

4 0 

4 88 


msm 


0 70 


8. 

3 4 


6 8 

0*2 

19-6 

19*68 

14-80 

9. 

Straw yield (gm ) 

6 8 

9 6 

15*4 

IS 7 

26 0 

29*4 

23 2 

10, 

Absolute wt. of seeds . 

2 76 

3 19 

3 24 

3*dS 

3*48 

3*24 

2-66 

11. 

Height/tiller ratio 

4 62 

wsum 

4*30 

3*65 

2-89 

2*86 

3-41 

It. 

Straw/grain ratio 

2 0 

1*92 

2*26 

2-42 

1-32 

1*49 

1-07 

18. 

Total tlller/ear-bearlng 
tillers 

3 0 

3*2 

2*36 

s-ss 

2*17 

2-69 

1 61 

14. 

Total N % In grain 

1 775 

■EEa 

1*482 

1 492 

■Ml 

2*656 

3*280 

15. 

Protein N % In grain . 

1*039 

1*449 

1 321 

1*834 

1*092 

2 419 

2*509 

1* 

True Protein % 

9*619 

9 056 

8*206 

8*838 

11*848 

10*119 

15*994 

17. 

Protein N as % total 
nitrogen 

86-704 

95 329 

8»-m 

89*410 

93*482 

91-076 

77*890 


Notc~ Refer Table I, CD at 5* for grain yield * ± 1*85, 


height, leaf length, tillering, ear length, grain and straw yields (Fig. 5, Table 
V). Number of green leaves on main shoot and absolute weight of seeds 
were not much affected by level of NK upto two times the standard dose. 
Highest dose lowered absolute weight but increased green leaves on main 
shoot. Leaf-width was not markedly affected by supra-optimal doses of 
NK Total nitrogen and protein N were only increased under heavier 
doses; proportion of protein nitrogen to toal nitrogen was also higher under 
supra-optimal dressings of NK, 

Straw/grain ratio was improved slightly with each successive application 
upto optimum; higher doses (heaviest level excepting) lowered this ratio 
markedly. Ratio of hcighl/tiller and total tiller/ear-bcaring tiller also 
declined with each increase in level of NK. 
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FiO. 5. Efforts of increasing levels of N K upon growth characters, yield and nitrogen 
content of wheat grain. 

F, Effects of PK upon Growth Characters and Nitrogen Content 
of Grain 

Barring the standard dose of PK, increases in phosphoric acid and potash 
under otherwise adequate nitrogen supplies, raised grain, straw and tillering 
upto 2r4 times the standard levels of these ingredients (Fig 6, Table VI). 
Leaf size was less markedly affected. Absolute weight of seeds and green 
leaf number showed tendency to increase under supra-optimal doses of PK, 
Total nitrogen and protein nitregen increased upto the standard dose of PK 
and later decreased with heavier applications. Proportion of protein N 
to total nitrogen did not vary much under different doses. 




Mr-Refer Table I; C D at 61 lot (rain yield i 1 63, 

Table VI 

Growth characters, yield and nitrogen content of wheat grain 
as influenced by varying doses of H 
Standard dose of P K.»40 lbs. P,0, and 30 lb*. K,0 per acre 


Characters 

S/8 

S/4 

S/2 

S 

38 

48 

IS 

I Mean height (inches) 

t Mean number of green 

leaves on main shoot 
| Mean leaf length (In) .. 

I, Mean leaf width (in) .. 

5 Mean nember of tillers .. 

8 Mean Dumber of ear 

bearing tillers 

7 Ear length (in,) .. 

8, Gtatn yield (gm) 

8. Straw yield (gm) 

10 Abiolnte wt, of teed) •• 

II Helght/tiller ratio .. 

IS. Straw/grain ratio • 

11 Total tlller/tar<betrlng 

till art 

14, Total N i in grain N 

18, Protein N at 1 total N . 

II, True Protein i 

17, Protein N at i total 

nitrogen 

20*38 

3*61 

7*22 
i 0*43 

4 76 
2*4 

5*8 

13*1 

24 2 

3*5 

429 

1*84 

191 

1*401 

1*238 

7138 

88*385 

■ 

19*76 

3*88 

7*79 

9*41 

4*60 

2*8 

86 

13*6 

24*2 

3*28 

4*29 

178 

1*64 

1428 

1*300 

8*11 

91*228 

20 63 
826 

7*58 

0*44 

6 45 
3*0 

888 

11*0 

222 

3*27 

3*78 

2 01 
1*81 

1428 

1*316 

8*219 

92*281 

16 86 
3*48 

6*72 

0*37 

4*66 

2*0 

61 

6*2 

12 7 

3*63 

3*64 

244 

2*32 

1*492 

1*334 

8*338 

89*410 

19*29 

388 

7*87 

0*41 

6*10 

9*6 

6*64 

14*6 

34 8 
3*44 
3*19 
1*69 i 
169 

1*444 

1*318 

8*219 

91*088 

21*16 

3*84 

7*70 

0.46 

6*80 

3*0 

5*68 

16*16 

28*3 

3*90 

8*60 

1*74 

1*93 

1387 

1*369 

7-931 

93*831 

31*36 

9*20 

9*26 

0*48 

8*70 

2*8 

6*48 
15*0 * 
38*4 
8*42 
3*82 
169 
t'lt 

1*428 

1*238 

7 733 
83*877 


Refer Table 1 r C.D, at Si for pals yield i ± 3*60, 
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Table V 


Growth characters, yield and nitrogen content of wheat grain 
as affected by varying levels of UK 
Standard done of NK-60 lbs, N plus 30 lb« KjOperacn 


Character! 

S/8 

8/4 

S/2 

S 

IS 

48 

IS 

1. Mean heluht (ioche«) , 

15*36 

16 39 

1819 

16 95 

mi 

18*01 

1183 

2. Mean number of green 

3*44 



344 

3 56 

3*44 

434 

leaves on main shoot 








3. Mem leaf length (In) 

5*74 


6 82 



8 24 

6*81 

d Mean leaf width (in) 


0*37 

EMM 




wTM 

8 Mean number of tillers ,, 


3 80 



to 

iffl 

4*05 

& Mean number of ear 
bearing tillers 

7, Ear length (in) 

1*2 

10 

22 


m 

88 

6*8 

4*84 

5*22 

mm 


Es 

8*72 

5*44 

8 Grain yield (gm) , 

8 Straw yield (gm) 

354 

72 

81 

98 


52 

12 7 

184 

13*4 

12-8 

308 

6*0 

10 8 

10 Absolute weight of seed , 

363 





384 

3*19 

11 Helght/tlller ratio , 

5 38 

429 

3 46 

3*81 

323 

3*81 

8*30 

11 Straw/pain ratio „ 

205 


2 25 

2 43 

1*44 

1*63 

3*80 

13 Total tiller/ear-bearing 

2 37 


2 39 

2 22 

187 

114 


tillers 








14 Total N % In grain 


1501 

1462 

1492 

1693 

s 

3*618 

18, Protein N B In grain , 

1491 

1361 

1337 

1334 

1692 

>4 

3*438 

18. True Protein % 


ilii 


8 338 

9 950 

it 

21*394 

17, Protein N ai % total 


90 873 

9145 


94*034 

e e 

04*61 

nitrogen 
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Fno. 6. Effects of increasing levels of PK upon growth characters, yield and nitrogen 
content of wheat gram. 

Straw/grain ratio was higher under standard treatment but remained 
unaffected in deficient and suffiefent cultures. Total tillers/ear-beanng tillers 
was low under low doses, increased to a peak value under standard treatment 
and later declined. Supra-optima! doses also showed tendency to increase 
this ratio but were less effective. Height/tillcr ratio declined with each 
successive addition upto two times the standard dose of PK and later 
increased with further raising of the dose 

G, Effects of NPK upon Growth Characters and Nitrogen 

Content of Grain 

\ 

When all the ingredients were simultaneously increased, us*^ul effects 
were noticeaMeon height, leaf length, leaf width, tillering, ear length, grain 
and straw yield, Supra-optimal doses of NPK were better in these regards 
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than sub-optimal or optimal doses. Absolute weight of seeds was how* 
ever, not affected by higher doses beyond that of the standard culture (Fig. 7, 
Table VII) Total and protein nitrogen on the other hand showed slight 



Flo. 7 . Effects of increasing lards of NPK upon growth cheraatan, ykU Md 
nitrogen content of wheat grain. 


fall with increasing NPK upto the standard dose of these ingredients. 
Increases beyond this raised these markedly. The proportion of protein 
nitrogen to total nitrogen, however, felt down characteristically. 

Straw/grain ratio increased with each successive addition upto the 
standard dose of NPK; further rise m fertiliser dose lowered this ratio 
markedly. Ratio of total tHIer/ear-bearing tiller was similarly affected. 
Hught/uller ratio, on the contrary, declined with each successive applica¬ 
nt of NPK. 
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Table VH 


Growth characters , yield and nitrogen content of wheat grain 
as affected by varying levels of NPK 

Standard doa© of NPK - 60 Iba N, 40 Jbs P a 0 5 and 30 lbs K a O per acre 



Character! 

s/» 

b/4 

S/2 

S 

I *s 

4S ' 

8S 

1. 

Mean height finches) 

12 41 

i 

1 13 ee 

18 06 

16 95 

18*20 

18*48 

18 89 

3. 

Mean number of green 
leaves on main shoot 

8*00 

| 3*98 

3 48 

3 48 ! 

3 60 

3 84 

8 84 

» 

Mean leaf length (in ) 

5*45 

i 5 60 

6 17 

0*69 1 

7*72 

7*63 

6*92 

4, 

Mean breadth of leaf (In ), 

0*31 

1 0 30 

, 0 30 

0 37 

0 46 

0 44 

0*44 

6, 

Mean number of tillers *. 

, 2*4 

. 8 8 

, 8 9. 

4 4 68 

6 85 

7 l 

6 1 

a. 

Mean number of ear 
bearing tillers 

1*0 

1 0 


2*0 

2*6 

3 5 

2*8 

i 

7. 

Ear length (in) 

Grain yield (gm J 

4 26 

1 4*10 

4 04 

5 10 

5 60 

5 94 

, 5*64 

8 

2 6 

2 8 

4*2 

5 2 

14*1 

I 17 2 

14*0 

9 

Straw yield (gm } 

4*0 

1 5 3 

8*7 

12*7 

20 8 

23*7 

24*1 

10 

Absolute wt of seeds 

3 02 

, 2 98 

3 10 

3 03 

3 56 

1 3 50 

8*26 

11* 

Height/tlllet ratio 

5 17 

4*14 

4 62 ! 

3 64 

2 07 

2*60 

1 8 Ot 

12* 

Straw/grjnn ratio 

1*65 

1 80 

2*07 | 

2 43 

I 40 

I 38 

1 72 

is* 

Total tiller/ear-beanng 
HUer* 

Total N % In grain 

2 4 

S 3 

3 9 ! 

2 32 

2 63 

1 00 

2 17 

14 

l 700 

1*612 

1*485 

1 492 i 

1*531 

2 080 

,, 

1ft 

Protein N % in guun 

I 617 

1 438 

I 300 

1 334 

1*892 

1 857 i 

, 

19 

True Protein % .. 

10*106 j 

I 8-088 

8*110 

8*338 

8 700 

n 606; 

„ 

17. 

Protein N as % 1 otal N . 

95*110 

I 

05 106 

00 592 

89 410 

90 921 

80 022 

‘ 


Mrf/—Refer Table I, C.D at 5 % for grain yield t ±4*25 


Discussion 

Data recorded on the effects of increases in one, two or three ingredients 
Jn the culture medium, indicate at least one feature in common in all the 
series* vtz » the augmentative effect of such increases upon growth upto a 
certain level and a toxic or deleterious effect beyond a certain dose The 
level at which optimal effects were noticeable varied from two to fbur times 
the standard dose in the different series of cultures The effects of these 
optimal doses have been found to be statistically significant from the point 
bf vieW of grain yield Deficient supplies of nitrogen in doses lower than 
the optimal* resulted in lower height, smaller width, poor tillering and low 
fertility of tilleri, shorter ear length, poor grant and straw yields, IoV* protem 
content ehd high total tdler/ear-bearing tiller and h*ght/tiller ratios Suffi¬ 
ciency of nitrogen (nitrogen beyond the optimum dosage) had a harmful 
eflfect upon majority of growth characters, grain and straw yield, but were 
tieeftit from the point of view of protein content of grain * proportion of 
pmtdn nitrogen to totgl nittogert was also slightly improved. Excess of 
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nitrogen also produced plants with low height/tiller and total tiller/ear- 
bearing tiller ratios. 

Sub-optimal phosphoric acid dressings (deficiency of P) produced plants 
with low vegetative vigour, poor height and tillering, greater height/tiller 
ratio, low gram and straw yields and poor rftraw/grain ratio. Supra-optimal 
dressings (sufficiency of P) had marked augmentative effect upon tillering 
and height but very little effect upon yield of gram and straw; height/tiller 
and straw/grain ratios were markedly reduced While protein nitrogen 
was not markedly affected, the proportion of protein to total nitrogen was 
slightly improved in sufficiency cultures indicating thereby the better ability 
of the plant to convert inofgamc nitrogen into organic nitrogenous com¬ 
pounds. 

D:ficiency of potash under otherwise adequate supply of nitrogen and 
phosphoric acid, resulted in useful effects: high tillering, larger ear length, 
greater straw and gram yields, relatively high protem and total nitrogen 
content, low total tiller/ear-beanng tiller ratios were the characteristic physio¬ 
logical symptoms of potash deficiency. Leaf characters did not respond so 
characteristically. Sufficiency of potash improved leaf size tillering, gram 
and straw and total and protein N but lowered total tiller/ear-beanng tiller 
and height/tiller ratios 

Dfficiency of both nitrogen and phosphoric acid retarded vegetative 
vigour and development of all growth characters. Poor height and tillering 
shorter ear length and leaf size, smaller absolute weight of seeds and low 
gram and straw yields were noted Height/tiller and total tiller/ear-bearing 
tiller ratios were high. Sufficiency of NP caused deleterious effects on abso* 
lute weight, reduced gram and straw, lowered height/tiller total tiller/car. 
bearing tiller and straw/grain ratios but improved nitrogen content of grain. 

NK deficiency also resulted in poor height and tillering, small leaf size 
and car length, low grain and straw yields but high height/tiller and total 
tiller/ear-bearing tiller ratios. Sufficiency effects of NK were most marked 
on increased protein and total nitrogen content of grains, high tittering, 
greater ear length but poor development of plant in other direction*. 

PK deficiency under adequate nitrogen manuring was usefttf from the 
point of view of ear length, grain and straw and height/total tiller ratio. 
The latter was noted to be unusually high indicating lack of production of 
shoots in proportion to increases in height of plants. Sufficiency of these 
two ingredients caused better development of leaves, greater absolute weight 
of seeds and higher yields of straw and grain. Effects on nitrogen content 
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of grain were identical inasmuch as sufficiency and deficiency of PK both 
lowered the amount of nitrogen in seeds. 

Increasing deficiency of ail the three ingredients NPK was associated 
with all-round poor development of plant, low grain and straw yield but 
greater height/tiller ratio Sufficiency of these had no appreciable 
effects upon grain or straw yields nor were the effects injurious from the 
point of view of development of the plant. Low height/tiller and total 
tilleT/ear-bednng tiller ratios and high protein and total nitrogen content 
along with useful effects on all characters were the important effects of 
sufficiency of all the three ingredients 

Judged from the straw/grain ratio obtained m different cultures* defi¬ 
ciency of all the ingredients (K excepting), viz , N, P, NP, NK, PK and NPK 
lowered vegetative growth more in proportion to reproductive growth. 
Sufficiency effects of all these fertilisers were alsb more or less identical. 
High yet balanced vegetative and reproductive growth was only recorded 
under the standard doses. Again, in majority of the cultures, high yield of 
grain was associated with low height/total tiller ratio. The greater the pro¬ 
duction of tillers relative to shoot elongation, the lower was the height/tiller 
ratio and the greater appeared to be the chances of a particular nutrient 
ratio to exhibit high yield 

Oi total nitrogen and protein content of grain, the effects of sufficiency 
of nitrogen whether applied alone or with P or K was decidedly very bere- 
ficial. In absence of supjra-optimal nitrogen doses as in PK, K, and P 
senee of cultures, augmentative effect was not so evident; under such condi¬ 
tions of nitrogen supply, deficient or sufficient PK, K and P cultures behaved 
identically. Indications were however, evident in the NPK senes of cultures 
that deficiency of all these entities was slightly better than standard cultures 
in improving nitrogen content of gram. Nutrient status of the medium thus 
markedly affected growth and protein accumulation in wheat Further 
discussion of the nutrient effects shall be taken up in later communications. 

Summary 

» These investigations deal with the deficiency-sufficiency effects of nitro¬ 
gen, phosphoric acid and potash, on the growth behaviour and nitrogen 
content of wheat grain. Eight series of cultures were maintained. In each 
case plants were grown in well washed sand and the levels of fertilisers 
varied from a low level of deficiency to high doses of sufficiency so as to 
induce marked variations in the nutrient status of the culture media. The 
following were the deficiency-sufficiency effects of different fertilisers; 
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Nitrogen deficiency caused lower height, smaller width of travel, floor 
tillering, low fertility of tillers, shorter ear length, poor grain and 
straw yield, low protein and high height/tiller and total tillei/eat- 
bearing tiller ratios. 

Nitrogen sufficiency improved protein contentandproduccd plants with 
low hcight/tiller and total tillor/ear-bearin gjmuot 

Phosphorus deficiency induced poor vegetative vigour, poor height, 
fewer tillering, low straw and gram, and reduced straw/gram ratio; 
height/tiller ratio was greater. 

Phosphorus sufficiency caused marked improvement in tillering and 
height but reduced height/tiller and straw/gram ratios. Proportion 
of protein N to total N was slightly high. 

Potash deficiency induced high tillering, larger ear length, greater straw 
and grain, high protein content but low total tiller/ea^bearing tttUl 
ratios. ^ 

Potash sufficiency improved leaf size, tillering, gram and straw yields; 
total and protein nitrogen in gram was raised. Total tiHer/ear-bearinj 
tiller ratio was lowered 

Potash effects were almost identical in all the sufficiency and defici¬ 
ency cultures 

Dsficiency sufficiency effects of NP, NK and NPK were largely pre¬ 
dominated by the relative quantity of nitrogen present and not so much by 
the complimentary dose of P and K. In PK deficiency cultures, the effecti 
were predominated by the relative quantities of both P and K Distinctive 
symptoms produced in each case have been discussed. 

Balanced vegetative and reproductive growth were recorded under the 
standard fertiliser culture High yields were invariably associated with low 
height/tiller ratios in all the nutrient cultures; high protein content of seeds 
however, was not necessarily associated with high grain yield 

Thanks are due to Professor P Panja, M A„ IJE S., DSC, Vice- 
Chancellor, Uikal University, for his help and keen ntcrest in the work 
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‘ LATENT WITHER-TIP INFECTION ON CITRUS 


By R. P Asthana, M Sc , D 1C , Ph D (London), F A.SC 

(Mycologist to Government, C P. & Berar t Nagpur) 

Received September 24, 1946 

In most of the citrus gardens of the Central Provinces and Ber^r, smal) 
pinkish-white fungal areas, varying from half an inch to two inches in dia¬ 
meter, were observed on trunks and mam branches of orange plants Twigs 
measuring more than half an inch in diameter were also occasionally infected, 
Water-shoots and young twigs were always found free from the infection. 
These thin crust-like small areas may either be scattered on different p^rt$ 
of a branch or some of them may coalesce together forming larger patches. 
In almost every garden, where wnher-tip disease happened to occur in severe 
form, these patches were found in abundance and were specially noticeably 
m localities like Nagpur, Saoner, Rasoolabad, Jalgaon, Burhanpur, 
Pandhurna and Dhamtari. Mosambi plants at Saoner and Pandhurny 
Were also found covered with such patches. 

It has been observed that during summer months, the mycelium of the 
fungus survives in the form of pink coloured stroma in small cracks m tfaf 
bark of orange or mosambi trees and persists as inter- and intra^eiMar 
parasite in one or two layers of the cortical tissue An examination of the 
fungus proved it to be Colletotrichum gloeosporioides Penz, 

Branches of three-year old orange plants were artificially inoculated 
with pure cultures of the pathogen. Typical symptoms of wither-tip disease 
with severe dic-back of the young shoots appeared after four weeks of 
inoculation and were specially marked under humid conditions. Pmkwht. 
white patches were formed on the inoculated branches of the plants. Or 
reisolation and examination, the fungus proved to be identical to the stram 
of Colletotrichum gloeosporioides by which it was inoculated 

On rice-meal agar medium the fungal colony appears pink in colour, 
with dark-brown pin-head like acervuh dotted all over the surface. Small 
hyphal knots arc produced. Aerial mycelium is scanty and irregular. The 
hyph* are first hyaline but later turn light-black in colour, varying m dirf- 1 
meter from 2*9 to Ip (average 4* 17/*). Spores are unicellular, oval In sbapfe 
with two to three oil globules and in mass present a pinkish appearance 
Hie size of the spores vary, breadth from 4*13 to 7/* and length to 
15*0/4 (average 5 5 by 13*0/*). The dimensions of the acervuh qrg 
variable. The set*, measuring 56 to 133/* m length, are four to five 

243 



244 


R, P. Asthana 


with a gradually tapering terminal cell; the two basal cells presenting a 
jointed appearance. At the two ends of an acervules the set* are longer 
and broader than those in the middle. 

Investigations of several authors have given strong reasons that the sire 
and shape of the spores of Colletotrichum gloeosporioides are extremely 
variable. Penrig's 5 (1887) measurements are 16 to 18/* by 4 to 6/* while 
that of Rolfs* (1904) 10 to 16 u by 5 to 7** Burger* (1921) has found great 
variability in spores of different strains of this fungus, the mean length varied 
from 11*5 to 20 3i* and the mean width of the same strain varied from 3*2 
to 6*4 m Chaudhan 4 (1936) has isolated four strains and has mentioned 
that the length of the spores vary from 11 *2 to 21 0/* and the breadth from 
2*4 to 7 0/*, the mean values being 13 0/* and 5*5/* respectively which 
corresponds to the mean values of the spores of the strain of C gloeospotioide 
isolated by author Baker, Crowdy and McKee* (1940) in reviewing the 
progress of investigations in latent infection by C. gloesporloides and allied 
species state that numerous isolations of the fungus from grape-fruit and 
papaws fall into three groups. The strain of C gloeosporioides isolated by 
the author appears somewhat similar to the strain A, No. 316 mentioned 
by Chaudhan 4 (1936) and falls more or less within the second group of 
Baker, Crowdy and McKee* (1940) 

Baker 1 (1938) had described the occurrence of latent infection m citrus 
fruits due to Colletotrichum gloeosporioides and mentions that m Trinidad 
dead wood bore comdia of the fungus The pracrce of the accrvuH of 
C. gloeosporioides on dead wood has invariably been observed by the 
author It has been further noticed that m spite of systematic and severe 
pruning of the diseased trees in a garden, wither-tip disease appeared 
during the periods of low temperature and high humidity, and produced 
dte-back symptoms It therefore appears that the persistence of 
C. gloeosporioides in small pockets and cracks on the main branches and 
trunk is in every likelihood a method to tide over the unfavourable atmo¬ 
spheric conditions of the Central Provinces and Berar as they are specially 
apparent during summer months of high temperature and low humidity. 
With the advent of high humidity and low temperature during rainy months, 

fungus becomes active and gives rise to wither-tip disease. Further 
study on the problem is in progress. 

Summary 

1. Small pinkish-white fungal areas of Colletotrichum gbeosporbides 
Penz, were observed on trunks and main branches of orange plants, 
tn certain localities mosambi plants were also infected. 
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2. Water shoots and young twigs were always found free from the 
infection. 

3. During summer months the mycelium of the fungus survives an the 
form of pink coloured stroma in smatl cracks in the bark of orange or 
mosambi trees and thus tides over the unfavourable atmosphere condition. 

4. Mycelium on the host persists as inter- and intra-celiular parasite 
in one or two layers of the cortical tissue. 

5. The disease could be induced artificially 

6. Measurements of the spores, set© and hyphae are given. 

7. The isolated strain of C. xloeosporioldes corresponds to strain A, 
No. 316 of Chaudhari and practically falls within the second group of Baker, 
Crowdy and MeKee. 

8. Acervuh of the pathogen has been observed on dead wood also 
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THE NATURE OP PR0TEINASE3 OP THERMOPHILIC 

BACTERIA 

By N N. Chopra, F A Sc. 

Received April 29, I94« 

Ths proteolytic enzymes of bactena and molds have not been sufficiently 
studied and the nature and type of microbial proteinoses are still imperfectly 
understood. An exact knowledge of the type of bacterial proteinases should 
be of interest not only from the theoretical point of view but also in its appli¬ 
cation to the study of attack and degradation of animal and plant tissues, 
the study of proteolytic phenomenon in soil, the investigations on storage 
and deterioration of foodstuffs and the investigations on some industrial 
processes. While most workers are agreed that bacterial proteinases cannot 
be classified with the pepsinases, opinion is divided as to whether these pro¬ 
teinases aw of papainase type or tryptase type 

Demby and Blanc (1921) had found that culture filtrates of several 
anarobes bacteria digest gelatin optimally at pH 6 from which they concluded 
that die proteinase is of a tryptic nature. Kendall and Keith (1926) and 
Schterge (1926) working with Bacillus proteus and B, coli respectively have 
also concluded that their proteinases are of tryptic nature, the optimum 
hydrogen-ion concentration in the latter case was stated to be at pH 6-0 to 
6 -6. These conclusions must be revised because tryptases optimally hydrolyse 
markedly cationic form of protein Walbura and Reymann (1934) and Bessey 
and King (1934) have obtained conflicting results with Clostridium hlstofyti- 
cum. In several papers Maschmann (1937, 1938) has published his results 
with Bacillus pyocyaneus, B prodiglosus, B. fluorescence, B perfrigens, 
B. histolyticum and B botultnus. Ma y of these micro-organisms produce a 
proteinase whose optimum pH is 7 and is activated in some cases by hydro¬ 
cyanic acid and by thiol compounds. W;il and Kocholaty (1937) and 
Kocholaty, Weil and Smith (1938) have studied Clostridium histolyticum and 
by measuring proteolytic activity by estimating the liberation of free a-amino 
adds they have found that CL histolyticum produces a proteinase which is 
active optimally at pH 7, is activated by thiol compounds and is inert towards 
enterokinase. 
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The micro-organisms studied by the present author were the typical 
thermophilic bacteria Bacillus thermophilus, B arothermofhiha and B. thermo* 
acUurcms. "Cultures of these were obtained from the Lister Institute, London. 
The thermophilic bacteria can grow at high temperatures, often close to 
the coagulation temperature of their albumins. This renders them an 
intriguing subject for study. These bacteria are widely distributed in soil* 
etc,, and their proteolytic activities are called into play in several processes 
of importance in soil science, in agriculture and in industry. Clark and 
Tanner (1937) and McMaster (1934-5) have shown the importance of thermo- 
philes in food preservation. A commonly occurring spoilage of soya beans 
has been ascribed to the proteolytic action of B . thermophilus by Rokusho 
and Fukutome (1937) Thermophilic bacteria are active agents in manure 
fermentation, sec for example, Dunez (1933) and Damon and Fewer (1925). 
Proteolytic thermogenesis of wool has been studied by Barker (1929) and 
according lo James (1928) nitrogen metabolism and thermogencsis are inter¬ 
related The harmful beating up of bay, fodder, textile materials and 
thermophilic fermentation m the processing of tobacco, cocoa and coffee 
are well known and thermophilic bacteria undoubtedly play a part in these. 

All earlier investigations on the nature of microbial proteinases are 
based on the determination of pH optimas and response towards papainase 
and tryptase activators and inhibitors. In the present investigations, in addi¬ 
tion to studying these aspects, an attempt has been made, by duplicate 
eDzyme experiments, to determine whether or not the peptide bonds, in the 
protein molecule, hydrolysed by the bacterial proteinases are identical to 
those hydrolysed by either pepsin, papain or trypsin or vice versa . 

The experimental technique adopted was quite simple. The bacteria 
were grown in nutrient broth by incubation at 50° C for forty-eight hours. 
The cultures were centrifuged and filtered through Chamberland candles. 
This yielded cell-free proteolytically powerful filtrates free from peptonase 
or polypeptidase. Substrates used were gelatin, egg albumin and casein 
made into aqueous solution at the appropriate pH with Mcllvaine’s citrate- 
phosphate buffer. Proteolytic hydrolysis Was allowed to proceed at 40° C. 
in presence of a drop of toluene. 2 ml of the proteinase filtrate were used 
per 20 ml. of substrate solution. In case of gelatin the initial stages of 
proteolysis were followed viscometrically. With egg albuimn the initial 
stage of proteolysis was followed by precipitating the unaltered protein by 
boiling at the isoelectric point or by precipitating the unaltered protein* 
meta-proteins and albumoses w 4% trichloracetic acid followed by estima¬ 
tion of the fraction which was soluble under these conditions. 
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In all cases the increase in free a-amino groups, during utcubatton at 
40® C. for forty-eight hours, was estimated by the micro Van Slyke method 
or by the titration method. 

pH Optimum of Proteinases of Tiihrmophilic Bacteria 

2 ml of proteinase solution were added to 20 ml. of 3% gelatin solution 
at pH ranging from 3 to 10 Initial rale of hydrolysis was calculated by 
extrapolating viscosity time curves to zero time and also per cent, fall in 
initial viscosity in 30 minutes was determined Finally the increase in 
a-ammo acids during incubation at 40° C for 48 hours was estimated by 
Van S yke’s method In case of egg albumin 2 ml of the proteinase solution 
were added to 20ml, of the protein solution containing 1*3 to l ( 4mgm, 
of organic nitrogen per ml The nitrogenous matter not precipitated by 
boding at isoelectric point or m 4% trichloracetic and the amount of free 
a-amino nitrogen were estimated before and after incubation. In case of 
casein also proteolysis was followed by estimation of free a-amino acids. 
In all cases pH curves were plotted from which the values for optimum pH 
were derived. These were as follows:— 

Table I 

Gelatin Egg albumin £us«tn 

8»3 8 0 7 7 

7 7 8 0 7'3 

B 1 8 0 7 5 

Thus all these protemases are op'iunlly active in the alkaline region, 
i c , they hydrolyse the cationic form of proteins In this rerpect therefore 
they resemble the tryptases rather than the papainases or tlu pepsinases. 

Effect of Papainase Activators on the Proteinases of 
Thermophilic Bacteria 

The substrate used was 3% gelatin solution prepared at the respective 
pH in Mcllvame’s citrate-phosphite buffer The erzyme solution was 
incubated with the activating reagent ?t 30° C. half an hour before mixing 
with the substrate. In case of hydrogen cyanide or hydrogen sulphide the 
gas was bubbled through the cold enzyme solution for a few minutes and 
the solution was then incubated tn a stoppered test-tube at 30° for half an 
hour. 


Proteinase of 

8 therm$phiius 
8 aercthtrmophtlus 
B thcrmoacidurans 




250 


N. N. Chopra 
Table IT 


Reagent 

% Pall In initial 
Concentration viscosity in first 

0 minutes 

% Pal! U initial 
vUcosity In 

30 minutes 

Increase l« 

a-ami no nitrogen 

None ., 

B tktrmepktlut 

6 T2 ] 

40*00 

6 *8S 

Hydrogen sulphide 

« 01 

42-10 

6*27 

Hydrogen cyanide 

0*00 

42 60 

6*39 

Cystein 

M/»0 0 68 

4**0 

6*30 

None 

B a trot htrmophilu t 

0*03 l 

41 >05 

1 6*37 

Hydrogen sulphide 

6 90 j 

40 00 

6*21 

Hydrogen cyanide .. 

5 90 I 

40 60 

0*80 

Cystein .. 

M/300 6 00 | 

41*00 

1 6*89 

None 

B thtrmt&ctdurans 
6*36 

46*90 ; 

5*91 

Hydrogen sulphide 

0-00 

42 56 

6*39 

Hydrogen cyanide 

6 37 

44*96 

6*46 

Cystem 

M/200 0*32 

I 

46 33 

6*67 


It is the'cfore obvious that the typical papain activators do not activate the 
proteinases of thermophilic bacteria In fact there is a very slight inhibition 
in some cases 


Effect of Papainase Inhibitors on the Proteinases of 
Thermophilic Bacteria 

The experimental and analytical methods used were the same as in the 
previous experiment. 

Table m 


Reagent 

Concentration 

f % Fall In Initial 
viscosity in first 
[ 6 minutes 

% Fall in Initial 
viscosity in 1 
30 minutes ' 

Increase In 
•-amino nitrogen 
rogm./lO ml. 

None 

S. t^rrmtfMut 

f ) ess 

| 40 70 

| 0-83 

tod acetic acid ♦, 

M/260 ! 

0 18 

j 47*90 

i 6*78 

Hydrazine 

M/2 0 

0 36 

40*00 

0*79 

Copper sulphate 

M/800 

9*39 

1 47 00 

0*66 


None 

Iedseetlc acid 
Hydrazine 
Copper sulphate 


B atmhermcphtlus 


6*80 

41-39 

M/250 0*10 

41 86 

M/200 fi.24 

41*30 

M/800 6*16 

41*90 

B, thrmMadnrant 



S't$ 

<•35 


3-23 
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Obviously therefore the typical papainase inhibitors have no significant 
effect on the proteinases of thermophilic bacteria. 

Effbct op Entbrokinasb on the Proteinases of Thermophilic 

Bacteria 

finterokmase was prepared freshly from swme duodenum and was freed 
from trypsin by fractional precipitation with ammonium sulphate Its acti¬ 
vity was checked against crude pancreatic extracts. Tl e preparation showed 
negligible proteolytic activity by itself when tested against gelatin. For 
examining its effect on microbial proteinases the powder was mixed with 
the proteinase solution and the mixture was incubated at 30° C. for one hour 
with occasional shaking. 

Table IV 



Without enterokinase 

With entetoklnase 

Proteinase of 

% F*n in 
mitiai vUco 
8 <ty m first 
fi minutes 

% Fall in 
initial visco 
sity in 

30 mmutei 

1 Increase In 

a-aniino 

1 nitrogen 
mgm./10 ml 

% Fall in ; 
initial visco 
sity tn 6m 

6 minutas 

% Fail m 
initial visco 
sity In 

30 minutes 

Increase in 
a-amlno 
rntropen 
mgm /10 ml. 

B thtrmophtlms 

o 83 

47*50 

4*11 

6 84 

47*05 

: 

6*07 

8. atrolhtrmo- 
phiisu 

6*44 

45*95 

6 65 

5*40 

40 15 j 

r 

5 59 

| 

B- tAirmmeb 
Jsereette 

6* 

43-15 

6-31 

0*00 

43 00 

i 

5-36 


Hie above data shows that enterokinase, the specific activator of the 
tryptases, has no effect on the proteinases of thermophilic bacteria. 


Effect op Pepsin, Papain and Trypsin on Gelatin Solutions 
Previously Hydrolysed by the Proteinases op Thermo¬ 
philic Bacteria 

Moat proteinases do not open up all the peptide bonds in the protein 
molecule. For example papain can open up more peptide bonds after a 
gelatin solution has been digested to completion with an excess of trypsin 
or pepsin and vice-versa The same is the case when trypsin is allowed to 
act on a gelatin solution previously hydrolysed to completion by an excess 
of pepsin and vice-versa, la the present experiment 200 ml. each of 3% 
gelatin solution were incubated with 40 ml. each of highly powerful solutions 
of the proteinases of Bacillus thermophilus, 8. aerothermophilus and B. thermo- 
a e kki rmu respectively for several days at optimum pH till there was no 
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further increase in free a-amino acids. Each solution Mas then divided into 
four portions and the pH of three of these four portions w*s re-adjusted to 
the respective optimum pH of pepsin* papain and trypsin. With the fourth 
portions the pH was restored to the original starting pH as there had been 
a slight fall in pH during the prolonged proteolysis. The four lots of 50 ml, 
each comprising each of the three sets were then subjected to the action 
of pepsin, papain* trypsin and fresh culture filtrate of the same bacteria 
respectively. Incubation was carried out at 40° C for 36 hours in presence 
of toluene. 

Table V 

Increase in free a-amino nitrogen, mgm /10 ml 


First proteinase 

Second proteinase 

Blank ^distil- 
led water) 

Same as first 

Pepsin 

Papain 

Trypsin 

B Ourmophtlus ♦» 

Nil 


1 *38 

3*0fi 

2*06 

B aerothermophtlus , 

it 


1*02 

4 01 

2*SS 

ft theimiKutdurans 



1*40 

8*13 

2*00 

Pepsin 

.. 1 


0 05 

4 02 

3*39 

Papain 



1 52 

0*00 

3*22 

Trypsin 

i» 


1*30 

3*00 

0*10 


It is therefore obvious that gchtm contains some peptide bords which 
cannot be opened by the microbial proteinases but which are available for 
attack by pepsin, papain ard by trypsin. From this it would appear that 
the type specificity and mode of attack of the proteinases of the thermo¬ 
philic bacteria is d flferent from that of either pepsin, papain or trypsin, just 
as the type specificity and mode of attack of pepsin, papain and trypsin is 
different from that of each other. 

It was now decided to investigate if either one or more of the three 
typical proteinases pepsin, papain and trypsin can hydrolyse all those 
peptide groups which are hydrolysablc by the proteinases of the thermophilic 
bacteria. 


Effect of Proteinases of Thermophilic Bacteria on 
Peptic, Papain and Tryptic Digests of Gelatin 

The experimental methods were the same as in the previous experiment 
except that the positions of bacterial proteinases on the one hand and those 
of pepsin, papain and tTypsin on the other were reversed. In order to 
remove any possibility of doubt the first series of hydrolysis was conducted 
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with papain activated with hydrogen cyamde and with trypsin activated with 
enterokinase. 

Table VT 

Increase m a -ammo nitrogen, mgm /I0 ml 



Second proteinase 

First proteinase 

Blank (dutil 
led water) 

Same as 
first 

B thtr m <r 
j phtiks 

\B atrothermo- 

| philiti 

B thermo- 
aitdurant 

Pepsin 

Mil 

0*12 

5 12 

4*44 

4-72 

Papwn-HCN 

( 1 

0 04 

3 69 

i 

2 95 

2 35 

Trypsin enterokinase ,, 


0 06 

3 45 

3 67 

__ 1 

2 95 


Therefore the bacterial proteinase* can hydrolyse cot lain peptide groups 
that can be hydrolysed reither by pepsin nor by papain or trypsin. From 
Table VI it appears that the increase in a-amino nitrogen in the second 
hydrolysis is greater with all three bacterial proteinases if the first hydrolysis 
is carried out with pepsin. This accords with the fact that pepsin is mainly 
a disaggregating erzyme 

Discussion and Summary 

The nature and type of bacterial proteinases has been the subject of a 
certain amount of discussion in the past and conflicting opinions have been 
expressed as to whether these proteinases arc peptic, papainase or tryptic in 
nature. Previous investigators have studied the degree and optimum pH 
of hydrolysis and activation-inhibition behaviour of the bacterial proteinases 
and have attempted to classify them with pepsin? ses, papainases or tryptases. 
The results of studies of this type afford an insight into the nature and pro¬ 
perties of the proteinases In the present investigations a study has been 
made of the optimum pH and activation-inhibition properties of the bacterial 
proteinases and in addition attempts have been made to investigate if the 
bacterial proteinases attack peptide bonds which are identical with or entirely 
or partially different from those hydrolysed by pepsin, papain and trypsin or 
vice-versa. All the three bacterial proteinases studied here hydrolyse gelatin, 
casern and egg albumin optimally in the alkaline region, ie, like the tryptases 
they hydrolyse the cationic form of proteins. They are not activated by 
papain activators and are not inhibited by papain inhibitors. Likewise 
they do not respond to trypsin activators Gelatin solutions which have 
already been subjected to prolonged hydrolysis by pepsin, papain or trypsin 
and which cannot be further hydrolysed by these three proteinases are further 
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hydrolysed by the bacterial proteinase*- Conversely gelatin solutions Which 
have already been hydrolysed to completion by the bacterial proteinases 
can be further hydrolysed by pepsin, papain or trypsin. This shows that 
the pep tide bonds opened up by the bacterial proteinases are at least par¬ 
tially different from those hydrolysed by either pepsin, papain or by trypsin. 
From these results it i* obvious that out of the three main categories of pro¬ 
teinases, i e , the pepsinases, papainases and tryptases the evidence in favour 
of the bacterial proteinases studied here belonging to the tryptic class of 
proteinases is relatively the strongest. But there are also points of difference 
between the bacterial proteinases and tryptases. The former do not respond 
to trypsin activators This may be due either to the fact that the bacterial 
proteinases are not of tryptic nature or else that when they are obtained in 
the culture filtrates they are already in the fully active state. The results 
of duplicate enzyme experiments have shown that the bacterial proteinases 
hydrolyse peptide bonds which are at least partially different from those 
hydrolysed by trypsin and vice-versa. On the whole it would appear to be 
more satisfactory to avoid classifying microbial proteinases with any of the 
three main groups of proteinases but rather to leave them in a class by 
themselves. 
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POWDERY MILDEW OF BETEL VINES 

By B N Uppal, F A Sc , M. N Kamat and M K Patti, 

(Coilege of Agriculture t Poona) 

Received February II, 1946 

OP recent years powdery mildew has been doing much damage to betel vines 
grown at Basscin and Kelva Mahim, near Bombay, but it has not been reported 
from other parts of the Province where this crop is abo extensively cultivated. 
It makes its appearance m the cold season and almost disappears as the hot 
weather approaches. Older plantations are more liable to attack than newly 
established gardens 

The disease is caused by a species of Outturn, which was first reported 
from Ceylon by Stevenson (1926), and later by Mitra (1930) from Burma 
and by Narasimhan (1933) from Mysore The causative fungus, however, 
has not been described, and in the following pages a short account of the 
organism and the disease caused by it, is given. 

Symptoms 

The disease is easily recognised by the appearance of yellow spots which 
are slightly raised and irregular in outline and correspond in extent to while 
powdery patches of mildew on the under-surface of the leaves These 
patches are also sometimes found on the upper surface of the leaves They 
arc at first small but increase in extent as they grow together They vary 
in diameter from a few mm. to 40 mm, and are covered with sparse and 
dusty growth of the fungus In severe attacks, the patches are covered with 
fairly thick growth, and are then greyish in appearance Young leaves, 
if severely attacked, cease to grow and are often deformed The surface 
of diseased leaves is cracked, and llicir margins are turned in. Such leaves 
are pate and hard looking, and drop down at the slightest touch. No other 
part of the vine is attacked 

Morphology of the Fungus 

The vegetative mycelium of the fungus is superficial and consists of 
delicate, white, septate hypha, frequently branched and more or less densely 
interwoven The hypha arc 5 to 8 *2j* wide, and from their under-surface 
arise slender tubes which at once pierce the cuticle and, after entry into the 
interior of the epidermal cells, swell into globular sacs, (he haust oria (Fig 1, A). 
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Appressoriji also develop from the hyphae at points where the latter are 
closely applied to the surface of the leaf, and function as holdfasts (Fig. I* E). 




Fig i. A Transverse section of an infected leaf showing ft globular hftustonum. 
g. Conidiophores bearing elliptical conidia m chains, C. Coaidu showing the range of 
shapes end sixes. P. Germinating comdia. E Appressorm on the under*surfhce of super* 
ttctel hyphtt (A-E x 2S0) F, Portion of a leaf showing septate myorthsn, forming e 
tangled web of touch branched hyphs; comdiophora and conidia (x 56). 

After the fungus is well established on the leaf, the prostrate, superficial 
mycelium gives rise to comdaophores which are erect, simple and usually 
2-3 septate (Fig. 1, B and F). These measure 66 to 132** long, and bear 
on their ends conidia in chains of 3 to 10 in bastpctal succession (Fig. 1, B 
and F). The conidia are unicellular, colourless and elliptical or barret 
shaped, and measure 20*4-74 7 x 6 8-23*8** (Fig. 1, C). It will be seen 
from Table I that, although widely differing lengths of contdta are en¬ 
countered, a vast majority of them fall between 34 and 47*5**, The range 
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of variation in width, however, is not large as about 80 per cent, of cortfdia 
fall in the classes between 13 7 and 20*4^. 


Table I 

Summarised measurements of comdia of Oidium on Piper betel 


Onuses in n 

Longth 
Number of 
Loftldia in 400 

Clanse* In 

Width 
Number of 
CtmldU In 400 

90 to 90*0 

t 

21 

A*8 to KM 

[ 

1 

27 to 33*0 

68 

10 3 to 13*6 

00 

34 to 40 0 

134 

n*7 to 17 o 

153 

41 to 47 9 

147 

17*1 to 20*4 

167 

48 to 54 0 

14 



86 to fll<0 

11 



A3 to 68-0 

4 



00 to 75*0 

1 




Comdia are produced in large numbers and freely germinate by protru¬ 
sion of a germ tube (Fig. 1, D). These are short-lived and lose their power 
of germination if exposed to hot, dry conditions In the cold season* the 
climatic conditions are very favourable so that comdia arc shed in abundance 
and are freely disseminated to adjacent healthy plants Under such condi¬ 
tions, powdery mildew spreads rapidly and is very destructive. At the 
approach of the hot weather, the growth of the fungus is arrested, and the 
mildew practically ceases to exist. 

Control 

As an ectophyte, powdery mildew of the betel vine is amenable to treat¬ 
ment with finely powdered sulphur, Beginning with 1934-35 season, 
extensive trials on control of mildew were carried out for four years at 
B^ssein and Keiva Mahim in Thana district Superfine sulphur of die order 
of 325 mesh fineness was used in these tests and was applied to the vines 
with a crank duster. Results of these trials show that the number of du»t 
applications and the total dressing per acre vary with the age of the planta¬ 
tion, In newly established gardens about 3 to 6 months old, a single dusting 
of sulphur at the rate of 25 to 301b per acre given about the middle of 
December gave complete protection from mildew. In older plantations 
varying in age from 12 to 24 months, however, two applications of dust were 
necessary to control the disease, and the best results were obtained when 
the second application was made about three weeks after the first, (,e., 
early in the second week of January. The quantity of »uiphur dust required 
to cover an acre of the crop in two operations varied from 70 to 85 lb* 
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The dusted leaves arc quite normal and do not suffer from any tit* 
effects. In the absence of the treatment, however, it often becomes necessary 
to pluck the leaves from the vines before they are fully mature as otherwise 
they are disfigured by spots and fall to the ground if infection is severe. 
Sulphur dusting thus not only affords complete protection from the disease 
but has the effect of prolonging ihe life of the leaves which can be harvested 
to suit the market requirements. 


Diagnosis 

the perithccial phase of the fungus has not been encountered, and 
accordingly, it is proposed to establish it as a species of Oidium with the 
diagnosis as follows;— 

Oidium piperis, spec nov —Mycelium superficial, ramosum, hyahnum, 
septatum, 5—8 *2ft diam, efformans sparsum vel crassum integumentum in 
mferiore facie foliorum; haustona globosa. Comdiophori erecti, simplices, 
ut plunmum bis vel ter septati, longitudine 66-132 P Conidia uniccilularia, 
hyalwa, ePiptica vel dotiaria, 20-4-74*7 x6-8~23*8p, saepi&sunc 34-47*5 
x 13-7-20*4 fi, catenuiatim disposita 3-10, germinatia tube* producto 

In folds viventibus Pipens bctle L. tn loco Bassein, in distr. Thana, 
Bombay, India. 

Typus positus in Herb. Colleg, Agncult, Poona, atque in Herb. Mycol 
Instil, Kew, in Angha. 

Mycelium superficial, branched, hyaline, septate, 5 to 8*2jt in diameter, 
forming sparse or thick coating on under-surface of leaves, haustona 
globular. Conjdiophores erect, simple, usually 2-3 septate, ranging from 
66 to 132/* m length Comdia unicellular, hyaline, elliptical or barrel* 
shaped, extremes ranging from 20*4 to 74*7** in length and 6*8 to 23*8/* 
in width, mostly 34 to 47-5 x 13-7 to 20*4/*, borne in chains of 3 to 10, 
germinating by a tube. 

On I wing leaves of Piptr bede L. at Bassein in Thana District, Bombay, 
India. 

Type specimen deposited in Herb. College of Agriculture, Poona, and 
Herb. Mycol. Inst., Kew, England, 

Summary 

The fungus causing powdery mildew of betel vines is described as a 
new species of Oidium . The symptoms of the disease, which is localised at 
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Bossein and Kelva Mahim in Thana District of Bombay Province, are de- 
scribed. Powdery mildew can be easily checked by dusting betel vines with 
finely powdered sulphur. 

The writers arc grateful to the Rev H Sjntapau, s I, of St. Xavier’s 
College, Bombay, for rendering the description of the fungus into Latin, 
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(Communicated by Rao Bahadur Sri V Ramnnatha Ayyar. t * sc) 

Introductory 

TUB cotton Jasstd ( Empoasca devastans Dist.) is active throughout the year. 
During the off-season of cotton it thrives on various other host-plants. 
Even during the cotton-growing period it is found on many food plants other 
than cotton and there are some which are preferred to it. A thorough 
knowledge of alternate host-plants of a pest is very essential as this informa¬ 
tion is very useful in devising measures for its control. 

Bhatia (1932) has mentioned the following host-plants of E. devastans 
in the Punjab:— 

‘Bhindi’ (Hibiscus esculentus), hollyhock ( Althea rosea), potatoes 
(Sokmum tuberosum), brinjal ( Solatium mebngena), castor (Ricima communis), 
artichoke (Cynara scolymus ). He recorded some specimens of adults from 
* sem ’ (Dolichos lablab) and ‘ kalitori' (Luffa agyptiaca) but the pest did 
not breed on these. 

Cherian and Kylasam (1938) in addition to the abovementioned plants 
have recorded sunflower (Helianthus annus) as an alternate host plant in 
Madras, though Husain and Lai (1940) have expressed their doubts regard¬ 
ing it. 

Rajani (1940) reported ‘bhindi’, bnnjal, potato, ‘falsa* (Grewia 
asiatka), hollyhock and ‘ kanghi buti ’ (Abutlhn indicum ) from Sind. 

Husain and Lai (1940) have finally listed following plants as alternate 
hosts in the Punjab:—Hollyhock, castor, bnnjal, potato, ‘bhindi’, ‘ban 
kapas ’ ( Hibiscus vittfollus), ‘sunkukra’ ( Hibiscus cannabinus) and some 
cucurbits. 

Afeal (1940) has mentioned ‘bhindi’, potato, brinjal and hollyhock as 
food-plants during non-cotton period. Both nymphs and adults were met 
with on these plants. It was shown experimentally by breeding the pest 

m 
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that castor is not its host plant. The jassid met with on castor belongs to 
some other species. 

It is very unfortunate that even upto now a fully authenticated list of 
the alternate host plants of this important insect pest is not known. Some 
work has been earned out m this direction and evidently much more remains 
to be done. 

Cotton Jassid is a small and very active insect and probably wind plays 
a great part in its dispersal and the adults can be collected from a majority 
of the green plants. Consequently mere presence of adults on a plant is 
not at all a sure indication of its being a host plant 

This has led to lot of confusion and a clear-cut definition of host plant 
is necessary It is therefore proposed that a plant may be called a host plant, 
only tf the pest can actually feed and breed on it. In the present studies, 
therefore, the breeding of the pest on different plants, suspected to be its 
hosts, was studied 

Method of Study 

In order to find out the range of host plants of cotton jassid, its ovi* 
position and nymphal development was studied on the following 18 plants'— 

* Kadu * (Lagenma vulgaris), 4 kalitori * (Luffa (tgyptiaca), 4 tinda * 
(Citrutius vulgaris), 4 halwa kadu * (Cucurbita maxima ), tomato (Solanum 
lycopersicum ), 4 karela * (Momordtca charmtia ), 4 guara * (Cyamopsis 
psoraUoides), grape vine (Vtfis vinifera), ‘falsa 9 (Grewia asiatica), hollyhock 
(Althea rosea), zinnia (Zinnia sp), sunflower (ffelianthus annus ), 4 gul dhatura* 
(Datura fastuosa), 4 bhindi ’ (Hibiscus esculentus), 4 gurhal f (Hibiscus rosasi* 
nensis), changeable rose (Hibiscus mutabths), Hibiscus tiliaceus , and ‘ban 
kapas * (Hibiscus ntifolius), 

(a) Opposition on different plant i —To study the comparative oviposi- 
tion, leaves of these plants were enclosed in voil cloth sleeves about a week 
before the actual liberation of adults, to avoid promiscuous opposition. 
At the time of liberation of adults the leaves were thoroughly examined and 
all the nymphs present on these were killed and removed. Some 25 adults 
collected from bhindi fields were introduced m each sleeve ard 3 such 
sleeves were put up on each plant at each observation. The experiment 
was repeated once a week during the months of June and July, 1943. Ovi* 
position was studied indirectly by counting the number of nymphs that 
hatched out on each plant. During the course of these observation? pvi* 
position by some 350 or more adults was studied on each plant, 
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(b) Nvmpha! development .—These studies were carried out side by side 
with the opposition studies and the method followed was also the same. 
In this casd 20 first instar nymphs collected from 4 bhindt f were liberated in 
each sleeve and the adults formed from these recorded. In all, the develop¬ 
ment of about 300 nymphs were studjed on each plant. 

Discussion of Data 

The average number of eggs laid by 25 adults and the average number 
of adults formed from 20 nymphs arc given in Table J, 

Table I 

Opposition and nvmphal development on different plants 


No NameofpUnt 


* Kadu ' f Lafenana vulgaris) 

‘ Kali ton ’ (tufa ct gyptiOca ) 

‘ Tlnda * (Catullus vulgaris) 

* Halva kadu ' (Ctuurbtla 
Tomato ( Solatium tyeopersicum) 

‘ Karel a* (Momotdua tkarantia) 

* Guara ’ (Cyamapsts psoraitoides) 
Grape vine (Vttss vmtfera) 

* FaUa (Gmaa astatua) 

10 Hollyhock (Althea mtea) 

U Zinnia rZtuma 

12 Sunflower (Heltouikus annus) 

15 * Gut dhatura * (Datura fastuasa) 

14 ' Bhlndi ’ (Hthscus osculentut) 

16 * Cl what * (Ifibtscus tosastutuus) 

15 ( hangeable rose (Hibiscus mufabiltO 

17 Hibiscus til me us 

IR ' Ban kapaa ’ ( Hibiscus vittlolna) 



No. of egg* 
laid by 

25 adults 

No. of adults 
formed from 

20 nymph* 


0*Sfl 

0*00 


2 57 

0*00 

„ 

0-08 

0*00 

,, 

1*85 

0*00 

,, 

2*26 

000 

4 

0*80 

0*00 

, , 

0 60 

0*07 

, , 

000 

0*06 

,, 

0*00 

0*60 

, 

4*63 

4*76 


0-00 

0*00 

, 

1 47 

1*67 


0*25 

0*76 


66*67 

17*00 


2*05 

0*00 


4*67 

1*07 

,, 

1*00 

MS 

*• 

0*00 

0*00 


Tim observations given m Table I are very interesting and show that 
with regard to opposition and nymphal development, these plants can be 
divided into the following four categories:— 

(a) Those on which neither ovipositjon nor feeding could take place, 
such as * tinda \ grape-vine, zinnia and ‘ bai kapas \ 

(h) Those on which the adults could not oviposit but the nymphs could 
feed such as 4 falsa 4 

(c) Those on which the oviposition could take place but the insect could 
not feed, such as 4 kadu\ *ka!itorj\ ‘halwa kadu’, tomato, 4 karcla 
4 guara ’ and *gurhal # , 
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( d) Those on which both feeding and oviposition could take place, 
such as 4 bbindt ’, hollyhock, sunflower, Hibiscus tiliaceus, changeable rose 
.and 1 gut dhatura 4 

It is thus clear from the aforesaid that plants belonging to the first three 
categories could obviously not be considered alternate hosts ot E\ devastans 
while the plants enumerated in the fourth category were the only ones, amongst 
these 18 under trial, that are really the alternative food plants of this "pest. 

Conclusions 

The list of alternate host plants of E. devastans given by Husain and Lai 
can now be revised in the light of present knowledge and is given below m 
order of the importance of the plant:— 

x 1 Hibiscus esculent#s tBhindi) 

2 Althea rosea (Hollyhock) 

1 Solatium melongena (Brmja!) 

4 Solanwn tuberosum (Potato) 

5 Hibiscus mutabilh (Changeable rose) 

(s Hibiscus tiliaceus 

7 HcUanthus annus (Sunflower) 

8 Datura fastuosa (Qul dhatura) 
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The oxidation of ascorbic acid and its retardation by various substances 
have been studied by several workers Noteworthy examples of substances 
which are found to inhibit the oxidation of ascorbic acid are glutathione ard 
cy-deme (De Caro and Gmni, 1934; Bersin et al, 1935; Barron etaL , 1936; 
Ghosh and Rakshit, 1936; Hopkins and Morgan, 1936); mctaphosphoric rcid 
(Fujita and Iwatake, 1935, Levy, 1936; Hinsberg. 1937; Musulin and 
King, 1936), Pyrophosphate (Girt, 1937; Girt and Doctor, 1938; Krishna- 
murthy and Giri, 1941a, Lugg, 1942); tannin from Indian Gooseberry 
(Phyllanthm emblica) (Damodaran and Nair, 1936); and oxalic acid 
(Krishnamurthy and Gin, 1941 c; Seshagin Rao and Giri, 1942; Pontmg, 
1943) The importance of the discovery of such inhibitors of vitamin C 
oxidation lies in their application to the determination of vitamin C content 
of foodstuffs m order to prevent the oxidation of the vitamin during extrac¬ 
tion, the preparation of stable aqueous solutions of the vitamin and in the 
study of the nature of catalytic systems present in plant and animal tissues 
which oxidise the vitamin 

Among the inhibitors of vitamin C oxidation mctaphosphoric acid has 
been widely used by various workers for extraction of the vitamin from plant 
and animal materials. Pyrophosphate which was found to stabilise the 
vitamin (Gin, 1937) has also been used by several workers for extraction 
and stabilisation of the vitamin (Mitra, et a/., 1940, Lugg, 1942; Ktodt 
and Steib, 1938; Steinman and Dawson, 1942) 

Some of the inhibitors of vitamin C oxidation which exert their effect 
on cupric ion oxidation without exerting any influence on the enzymic 
oxidation may be useful in eliminating the catalytic effect of copper while 
studying the enzymic oxidation of the vitamin Thus Krishnamurthy and 
Gin (1941a) showed that pyrophosphate has no influence on the enzymic 
oxidation of vitamin C while it retards considerably the cupric ion oxida* 
tion of the vitamin Tnis property of pyrophosphate was made use of ift 
investigations on the mechanism of the ascorbic acid-ascoibic acid oxkfosc 

2$4 
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reaction by Stemman and Dawson (1942) Furthermore, Giriand Seshagiri 
Rao (1942) in a preliminary note have reported that some of the purine 
derivatives such as xanthine, uric acid, guanine, theophylline have the 
specific property of inhibiting only the cupric ion oxidation without exerting 
any influence on the enzymic oxidation of the vitamin Recently Snow and 
Zilva (1942) have utilised the properly of these inhibitors in iheir studies 
on the nature of the catalytic system in tea infusions which catalyse the 
aerobic oxidation of ascorbic acid. 

The foregoing findings together with the observation that the enzyme 
ascorbic acid oxidase is a copper protein compound (Stotz el al , 1937) 
suggested that a comparative study of the influence of inhibitors on copper 
oxidation and enzymic oxidation of the vitamin might be advisable In 
a previous note (Giri and Krishnamurthy, 1941; Knsbnamurthy and Giii, 
J94l c) it was shown that certain purine deuvatives inhibit the oxidation of 
ascorbic acid by Cu and these results on the stabilising action of purines 
have been confirmed recently by other vvoikcrs (</, Bergcl, 1944) The present 
paper deals with a more detailed study of these and other inhibitors of 
vitamin C oxidation. 

Experimental 

The oxidation of vitamin C was followed both by manometric and 
titrimetnc methods. The manometric method consisted in measuring ihe 
oxygen uptake from solution of vitamin C shaken in air m Warburg mano¬ 
meters. The buffer and the catalyst Cu together with the substance whose 
influence on the oxidation is to be examined were placed in the main chamber 
of the vessel, vitamin C solution being kept in the side arm and dropped 
into the main vessel when temperature equilibrium was reached The 
readings were taken at definite intervals of time 

The water used for the preparation of buffers and other solutions was 
twice distilled in a pyrex distillation apparatus 

The vitamin used in the present investigation was B, D H ascorbic 
acid. All the substances used were of the highest grade of purity, either 
Merck's or Kahlbaum's pure products 

The pH of all solutions used in testing their influence on the oxidation 
of the vitamin was always adjusted to the pH of the experimental solution 
(pH 7 •2). Some of the purine derivatives which are difficultly soluble in 
water are dissolved first in minimum amount of alkali and diluted to the 
required strength. These solutions when added in such low concentrations 
as were psed in the experiments, were found to have no significant influence 
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on the pH of the solution. All the solutions were always freshly prepared 
for each^ experiment. 

In Tabic I are presented the results obtained m&nometrically on the 
influence of the compounds under investigation on the oxidation of vitamin 
C by Cu 

Table T 

The influence o f purines and other substances on the oxidation of vitamin C 

(By mtmometrtc method) 

The experimental cup contained 0- 8 c c M/15 phosphate buffer (pH 7 2) ; 0 2 c.c. oopper 
sulphate solution containing 0 71 y Cu and I 5 c c. of buffer containing the tubstanoe whose 
influence on the oxidation is to be determined The tide arm contained 2 mg. ascorbic acid 
dissolved in 0 5 cc of water and the central chamber 'contained 0 2 c c. of 20 per cent, KOH 
and Alter paper The vessels were placed in the manometers with the stopcocks open sad 
introduced Into the bath, which was accurately controlled (± 0 01 C) at the desired tempe¬ 
rature 30* C, and the flasks equilibrated for five minutes. The stopcocks were then closed the 
vitamin C solution dropped into the main vessel and the readings were taken at definite 
intervals of lime 
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Table I —Conut 






Ml Oj uptake time in 


Sabetance 

added 

Formula 

Concentre 
Hon 10" 4 (M) 



minutes 





6 

10 : : 

1 

10 

to 

25 

30 

i 


too 

theobromine 

IIN—CO CH„ 

i i ✓ 

7 0 

10 

40 

50 

86 

103 

120 



1 1 / 

CO C—N\ 










1 II CH 










CHjN-C-Ny 








Do 

caffeine 

Clf a N—COj 

6 i 

10 

3ft 

62 

80 

101 

136 



1 1 V’ 










i 1 i 

OC C—N\ 










1 a c it 










CI^N-N-N/ 








Do | 

yeast nucleic 


0*0026% 

1 0 

0 

0 

■ 0 

0 

0 


acid 

0 0120 % 

0 

0 

0 

0 

0 

0 

Do | 

creatinine 

CO—NIl\ 

2 2 * 

8 

22 

35 

60 

62 

77 


(3,9’dihydrO' 

1 C Nil 

11 U 


2 

5 

7 

0 

10 


f-lmino-1' 
methyl -4(5) 

C H a —N/ 









Imldaaolonej 

lHj 



! 


i 


1 

Ascorbic 

creatine 

Nir, 

0 0 

1ft 

m 

62 

88 

106 


add +Cn 


1 

NHC 










| 

t(cii B )cH 3 coon 








Do 

hi stidlnc 

OH—NH\ 

!•« 

,, 

10 

2ft 


, 

68 


(a amino f 

11 ( H 









imldaioljl 

c-N/ 









propionic 
add or $ 

1 

OH, 









imidaxolyt 

alanine 

1 

CH(NHj) 










COOH 








Do 

allantoin 

NH S 

1 70 

# 

21 

36 

62 

67 

64 



| C O-NHSv 

‘I 0 1 ^ 

nh-ch— mi/ 

7 8 


4 

8 

12 

15 

to 


The results indicate that the purine derivatives xanthine, adenine, guanine, 
uric acid, theophylline and yeast nucleic add completely inhibit the oxida¬ 
tion of the vitamin, while theobromone and caffeine have no significant 
influence on the oxidation at pH 7*2 and in the concentrations used in the 
experiments. Creatinine is found to inhibit the oxidation, while creatine is 
without effect on the reaction. Histidine and allantoin also inhibit the oxidation 
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With a view to confirming the results obtained manometrically the rate 
of oxidation of the vitamin in presence and absence of the substances was 
followed by estimating the vitamin by the usual titration method. For 
purposes of comparison the well-known inhibitors sodium diethyldithio* 
carbamate and 8-hydroxyquinohne were also included. 

The results are presented in Table II. 

The results confirm the observations made by manometnc method. 

Tabip II 

7 he influent e of purines anti other subiUmic\ on the oxidation of 
Vilamm C 

(By titration method) 

The reaction mixtures contained 10 u of phosphate buffer M/15 (pH 7 2), 2 c c of 
dbcorbit aud solution containing 5 mg of the vitamin, 3 t c of CUSO* 5H,0 solution 
containing JO 7 y Cu »■+ and 5c A water or the solution containing the substance. The systems 
were let in open conical flasks of 100 c c capacity at a temperature o 35'' C. m a thermostat 
At the beginning of the experiments and thereati C r at short intervals, 5 c,c Aliquots of the 
reaction mixture were taken and after audiflcalion with glacic&l acot'c acid, the vitamin 
content was determined by titration 





Mg. vitamin C after 

i 

bulwtancc added 

(. oncentiation M 



-- 




a 

30 

00 mm. 

Ascorbic acid *H u 



5-0 


0-73 

Du 

xantf int 

1 3 3 10“ 1 

0 0 

0*0 

5 0 

Do 

uric acid 

3 0 10 ~* 

5 0 

5-0 

0 0 

Do 

adenine 

1 80 10“ 1 

0-0 

50 

5-0 

Do 

guanine 

3-3 10 ~< 

0-0 

5*0 

6*0 

Do 

theophylline 

3 8 10 -* 

0 0 

0*0 

0*0 

Do 

yeast nucleic aud 

0 000 % 

6 0 

0-0 

0*0 

Do 

creatinine 

1 8 10* 4 

0*0 

4*0 

*•0 

Do 

histidine 

1 2 lO -1 

0*0 

4*7 

4*0 

Do 

alUntoin 

3*1 10 “ s 

0*0 

4-7 

3-7 

Do 

bodlum diethyl 

1 79 ur * 

5*0 

0-0 

0*0 


dithlo carbamate 





Do 

S-hydroxyqmno* 

1*72 10 "* 

5-0 

4*0 

0*0 


line _ 

_ 





The results show that all the purine derivatives inhibit the oxidation of 
the vitamin in the absence of added Cu at pH 7*2. It is interesting to note 
from Table m that oxalic acid and 8-hydroxyquinohne which protect 
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Table 111 

The influence of purines and other substances on the oxidation of 
vitamin C at pH 1 2 in the absence of added Cu 

The reaction mixture contained 10cc. M/15 phosphate buffer (pH 7 2). 5cc uscorbw 
*dd eohttkm containing 5 mg of the vitamin and 5ec of water or the solutioncontaining 
the substance under investigation The total volume of the reaction mixture was made 
up to 20c,c The results are presented in Table 1U 





Mg of vitamin C 

after 




incubation for 


Substance added 

Concentration M 







i 

0 hr 

24 hr 8 

! 48 hrt< 

Vitamin C 



fi 0 

0 

0 

Do 

xanthine 

1*84 10~ 3 

5 0 

3 0 

3*1 

Du 

uru. acid 

1 49 ltr a 

5 0 

3 6 

3*1 

Do 

adenine 

l 85 10" 1 

6 0 

3 » 

3 1 

Do 

guanine 

1 M 10" 8 

5 0 

3 6 

3 l 

Do 

theophiltnc 

1 39 10 8 

5 0 

1 9 

2 2 

Do 

8 hydroxy tjuino 

1*72 10 ' 

5 0 

0 

0 


line 





Do 

itodium diethyl 
dlthio carbamate 

1 79 Hr 8 

fl 0 

3 0 ! 

* 

Do 

Oxalic add 

i*96 ur 8 

5 U 1 

0 

0 


ihe vitamin at acid pH (Table IV) do not exert any protection against oxida¬ 
tion of the vitamin at the alkaline pH 7 2. 

The influence of the inhibitors of cupric ion oxidation of vitanun C on 
the enzymic oxidation of the vitamin—The observation that the enzyme 
ascorbic acid oxidase is a copper-protein compound (Stotz et at, 1937) 
suggested that a comparative study of the influence o) the inhibitors on Cu 
oxidation and enzymic oxidation of the vitamin might be useful in throwing 
tight on the nature of the Cu-protein linkage. 

For the enzymic oxidation the enzyme ascorbic acid oxidase was pre¬ 
pared from pumpkin (Cucurbita maxima) and snake gourd (Tricosanthtn 
atguM) (Knshnamurtby and Gin, 1941 b) The enzyme was prepared by 
extracting the finely minced vegetable with 30 per cent, alcohol and 
dialysing the extract for about 16 hours in collodion bags 

The amount of the enzyme solution used for the experiments was so 
adjusted that the rates of oxioation of the vitamin by the enzyme and Cu 
were practically the same. The results are presented in Table IV. 
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Table IV 

The influence of the inhibitors of Cu-oxidatbn of vitamin C 
on the enzymic oxidation of the vitamin 

The reaction mixture consisted of 10 c c M/5 acetate buffer (pH 3 $), 5 c c. vttamm 
C solution containing 5 mg V C), CuSO* 3 H,0 solution containing 8 02 y cu f+ +(for 
Cu-oxkUtion) or enzyme solution (for enzymic oxidation) and the solution of the 
inhibitor, the total volume being adjusted to 20 c,c Incubation temperature, 35° ± 0U C 


mg of Vitamin C found in reaction mixtures containing 


hubstuuui 





Vitamin C + ascorbic 

Vitamin C+ascorbic 

of the substance 

VtUmin C-M 

a ► f 

acid oxidase 

add oxidase 





(from pumpkin) 

(from snake gourd) 



0 

30 

60 

0 

30 

60 

0 

30 

60 



min 

min 

min 

min 

min 

min 

min 

min 

mtn. 

Nil 


5 

2 8 

1 6 

5 

3 0 

2*0 

ti 

2*8 

1*7 

Sod diethyl 

1 

5 

5 

5 

5 

5 

e 

6 

5 

0 

duhiocarbamatt 
g Hydroxyqmno 

1 72xl0~ ,J M 

« 

5 

5 

6 

5 

4*9 

5 

4*4 

4 4 

line 

Adenine 

1 86x10' M 

5 

4 9 

4 6 

5 

3 0 

2 0 

5 

2*8 

1 6 

Uric acid 

i i dovur’M 

5 

1 4*9 

4 6 

5 

8*0 

1*8 

0 

2*9 

1*7 

Guanine 

I 65x10 

5 

4 9 

4 9 

5 

3*0 

1 8 

0 

2*9 

1 6 

Xanthine 

1 1 64 x 10 _i M 

5 

4-9 

4*9 

5 

8 0 

1 9 

5 

2*8 

1*7 

Theophylline 

Creatinine 

i i aoxio~ 8 M 

5 

4-7 

46 

rt 

3*0 

1*8 

0 

2 8 

1*7 

2 2lxl<r*M 

5 

4*e 

4*2 

5 

3*0 , 

1*9 

5 

2*0 

1*7 

Oxalic add 

i l*98xI0” a M 

6 

4 7 

4*2 

6 i 

! 

3*0 | 

2*0 

5 

2*0 

1*8 


The results show that sodium-diethyi-dithiocarbamatc and 8-hydroxy- 
quinolme inhibit both the Cu and enzymte oxidation of vitamin C, while the 
purine compounds, creatinine and oxalic acid, inhibit only the Cu oxidation 
of the vitamin without any inhibiting action on the enzymic oxidation of 
the vitamin 

The specific inhibiting action of purines and other substances on the Cu 
oxidation of vitamin C in presence of the enzyme ascorbic acid oxidase. —The 
specific property of some of the inhibitors in inhibiting the Cu oxidation 
of the vitamin without exerting any influence on the enzymic oxidation of 
the vitamin, may be useful in studying the nature of the catalytic systems 
present in plants which oxidise the vitamin. The inhibitors can be used 
for preventing the action of Cu on the vitamin when investigating the nature 
and action of the enzyme ascorbic acid oxidase on vitamin C. In view of 
the importance of such inhibitors in their application to the study of the 
nature of catalytic systems for the oxidation of the vitamin, experiments 
were carried out on the influence of the inhibitors on the Cu oxidation of 
the vitamin in presence of the enzyme ascorbic acid oxidase. 
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The results of these experiments are presented in Table V. 

Table V 

The inhibiting action of purines and other compounds on the 
Cu oxidation of Vitamin C in presence of the enzyme ascorbic acid oxidase 

The reaction mixture consisted of to c c M/5 acuatc buffer (pH 5 6), 5 c c vitamin C 
solution, containing 5ing, Itc of the enzyme (from snake gourd), 0 75 cc of CuS0 4 
5H 8 0 containing 8 2y Cu and 3 25 ct water or the solution of the substance whose 
influence on the oxidation of the vitamin is to be investigated Temperature, 35 ± 0 1 C 


—--— - * — - 

— - — 

— — 






Concentration 

Mg 

of \lumin C 

Reaction mixture 

Inhibitor 

of inhibitor 

- — 

- -- 




M 

0 min 

30 min 

60 mm. 

Vitamin C + en/yme 



5 0 [ 

2 0 

1 7 

Vitamin C + enzyme f Cu 

« 


5 0 ' 

2 3 

1 1 

Vitamin C ~f enzyme + f u . 

oxalic acid 

1 98 10' 1 

5 0 | 

3 1 

1 0 

Vitamin C +■ enzyme + (a , 

adenine 

1 M 10-* 

5 0 

2 H5 

1 7 

Vitamin C + enzyme + Cu 

unr ar id , 

1 49 1<C J 

6 0 

2 9 

1 9 

Vitamin C + enzyme + Cu 

creatinine 

1 21 10-* 

5 0 

2 9 

1 3 


The above results clearly indicate that the substances investigated annul 
the inhibition of vitamin C oxidation by Cu in presence of the enzyme as 
ascorbic acid oxidase, the enzymic oxidation being unaffected as before 


Discussion 

From the observations reported it is evident that the oxidation of vitamin 
C by Cu is completely inhibited by xanthine, adenine, guanine, uric acid, 
theophylline and yeast nucleic acid, while caffeine and theobromine have 
no influence on the oxidation under the experimental conditions described. 
In order to determine which portion of the punne derivatives is responsible 
for the observed effect, the influence of other compounds having the imina- 
eole group have been tested and the results of these tests can be summarised 
as follows: 

1. The immazole component is esssential for the inhibiting action of 
the punne derivatives and other immazole compounds investigated This 
is supported by the following observations* 

(a) In addition to the purine derivatives, creatinine (2, 3-dihydro* 
2-imino-l-methyl-4-(5>imidazoIone), histidine (0-imodazolylalanme) and 
allantoin, which contain the immazole component, exert inhibiting action 
on the oxidation, although the extent of inhibition is not so great as that 
With the purine derivatives, under similar experimental conditions. 
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(b> Jhe inhibiting action is destroyed by the breakdown of the imina- 
a Me ring structure. Thus creatinine, which contains the iminaaolc ring, 
exerts inhibition, while creatine which is formed from creatinine by breaking 
the ring structure, does not exert similar action on the oxidation of the 
vitamin. 

2 The immo group of the purine derivatives appear to be directly 
concerned with the inhibitory action of these compounds as the replace* 
ment of the hydrogen atoms of the immo groups causes loss of the inhi¬ 
bitory property Thus the purine derivatives, xanthine, adenine, guanine and 
unc acid whose imino groups are free, exert considerable inhibition, while 
caffeine whose imino groups are completely methylated has no such inhibiting 
action The inhibiting property of the purine compounds tested depends, 
therefore, upon the presence of free imino groups in the molecule 

3 Among the imino groups of the purine derivatives, the immo group 
7 appears to exert a decisive influence on the oxidation of the vitamin, since 
the replacement of the hydrogen atom of the imino group by methyl group 
causes a complete loss of the inhibitory property, although the other imino 
groups are free Thus while theophylline which contains free 7 immo group 
acts as inhibitor, theobromine with its 7 immo group methylated does not 
affect the oxidation. The evidence on the whole appears m favour of the 
view that the inhibiting action of the purine derivatives is due to the free 
7-imino group of the purines 

The mechanism of inhibition —As to the mechanism of inhibition of 
vitamin C oxidation, it is conceivable that the inhibitor forms a complex 
with copper, thereby preventing the action between the metal and the sub¬ 
strate as in the case of glutathione (Hopkins and Morgan, 1936). The 
complex thus formed is probably of such a type that transformation of Co 1 
to Cu u , or the reverse is not possible This transformation is necessary 
for the Cu to exert its catalytic effect on the vitamin. Copper combined 
with the substance, which functions as inhibitor, may not retain its catalytic 
properties, as m the ionic state 

The results are of interest in indicating the existence of substances in 
tissues other than glutathione, which exert powerful protection against the 
oxidation of vitamin C The fact that purme derivatives, nucleic acids and 
creatinine are widely distributed in the biological kingdom tends biological 
significance to these results and points to the possibility that the deleterious 
effects of Cu which is widely distributed in all living cells together with the 
vitamin, are diminished or completely eliminated by such substances. An 
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attempt is being made to study further the reactions involved, with a view 
to the elucidation of the mechanisms concerned in the retardation of the 
oxidation by the substances investigated, 

Classification of the inhibitors of vitamin C oxidation —We have also 
observed (Table IV) that some of the substances when used in concentrations 
at which they inhibited completely the oxidation of the vitamin by copper, 
are ineffective on the enzymic oxidation of the vitamin, a point of interest 
indicating the difference between the enzymic and Cu-oxidation. Sodium 
diethyldithio carbamate and 8-hydroxiqumolm, however, inhibit both the 
en 2 yixuc and cupric ion oxidation of the vitamin, The various inhibitors 
of vitamin C oxidation so far known from literature are listed and classified 
in Table VI according to the effects they produce on the enzymic, cupric 
ion and other types of oxidation of the vitamin. 

The inhibitors may be classified into two main categories: (1) Inhibitors 
like oxalic acid and purine derivatives which inhibit the oxidation of the 
vitamin by Cu without exerting any influence on the enzymic oxidation and 
(2) Inhibitors like sodium diethyl dithio carbamate and 8-hydroxyqumolin 
which inhibit both the enzymic and cupric ion oxidations 

One of the special advantages of the specific property of the inhibitors 
belonging to the first category in preferentially retarding the Cu oxidation 
of the vitamin, is that in their presence the effect of Cu can be eliminated 
while studying the action of other catalytic systems such as the enzyme 
ascorbic acid oxidase on the vitamin Thus pyrophosphate which was 
shown by Krishnamurthy and Gin (1941 a) to inhibit the Cu oxidation of 
ascorbic acid without exerting any influence on the enzymic oxidation has 
been used by Stcinman and Dawson (1942) in their studies on ascorbic acid- 
ascorbic acid oxidase reaction in order to prevent the action of Cu in the 
reaction mixture Similarly Scshagin Rao and Giri (1942) have used the 
inhibitors (oxalic acid) for eliminating the influence of Cu in the reaction 
mixture on ascorbic acid in their studies on the influences of ascorbic acid 
on amylase The rapid oxidation of ascorbic acid in certain plant press 
juices and vegetables when exposed to air may be due to the catalytic effect 
of Cu or enzymes. In such cases these inhibitors which preferentially retard 
the Cu oxidation of the vitamin may prove to be very useful tool s in the 
study of the nature of the catalytic systems in plants which oxidize vitamin 
C; for any oxidising system containing free ionised copper can be detected 
by the inhibition produced on adding any one of the above inhibitors to 
the system. 
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Table V! 

Inhibitors of Vitamin C oxidation 

I Inhibition ; O No effect oa the oxidation 


Substam e 

Auto- 

oxidatlon 

Oxidation 
by Cu 

1' nxymic 
oxidation 

Oxidation by 
other systems 

Reference 



/ Or 

gams compound* 


2 Thtcl-attd dtsulphtde 






romptwnds — 






Glutathiona •• 

i 

I 

I 

• 

Hopkins and Morgan 
(1030), Berstn tt at 
(1935), Maw son (1030) 

do .. 


I 

0 


Barron ct al (19866) 

Ho . 

I 


. 


Ghosh and Rakshlt (1936) 

do 


. 

. 

Photo 

Hopkins (1038), Arcus 





oxidation 1 

and ZUva (1940) 

Cysteine 

I 

I 

, 


Barron tt al (19364) 

do 

•• 



Oxidation by 
tea infusion X 

Snow and Ztlva (1942) 

C ystlne * 

I 

1 



Rudolph (1933) i Maw- 
son ( 1930) 

Sodium and ] 


I 

. 

Stot* tt at (1937) 

hydrogen sulphide 1 


1 
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(1942), Mawson (1939) 

Potassium thiocyanate 

4 . 

I 

1 

l 


Stotr tt al (1937) 

thiourea 


1 (re 

.. 

McCarthy al (lf39) , 
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Kawerean and Fear on 
(1940) 

S. Protein* and ammo 






acids — 






Protein* and amino 

,, 

T 

0 


Barron tt al (.1930) 

acids 

Cau»eln and edcstin 

I 



.. 

fiergel (1944) 

Egg albumin 


I 


. 
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(194H) 

do 

" 

• 

• 

Oxidation by 
tea infusion I 

Snow and ZUva (1943) 

Dried o\albumU 

1 

1 



Rudolph (1938) 

Peptone 



•. 

Kriahnamurthy and Girl 




0 


(1941 c) 

Glycine 


I 

0 (PH6 6) 


Stot* (1940) 

do 


. 


Me far lane (1936) 

do * 

‘ 

*• 


Oxidation by 
tea infusion 0 

Snow and Ztlva (1942) 

do 

I 

• 

* 


MyMkowakl and Losoqka 
(1939) 

Mystkoweki and Laaocka 
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X 

_ s 



acid 





(1999) 

Phenylalanine ..1 

1 

,, 


,, 

Rudolph (1936) 

Histidine 

*• 

I 

* j 

•* 

Sesbagtn Rao and Girt 
(this paper) 

9 Pun Ht compounds 
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I (PH 7 2) 

I 

0 

•• 

Giri and Krishnamarthy 
0941) 

Seshagiri Rao and Giri 
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(this paper) 

Xanthine 

1 I 

0 


2dm ; Bergei 0944) 
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i i 

0 
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Sodium urate 
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JC Other compound*—\ 
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Oxidation 
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Oxidation by 

oxidation 

by Cu 

oxidation 

other System* 

1 


Reference 


Sodium 1 

dithlocarbamxte 

do . 


do 


S-Hydroxyquiuolln. 
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do 
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Potassium ethyl 
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Creatinine 


Salley tdi oxime 
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I (pH 7 4V 


Pyridine .* 

Protoporphyrin .. 0 


Oxalic acid 


l 

0 


(pH 6*9) 
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do 
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I 
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I 

I 
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0 
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I 
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Scbreua and Schummer 
(1940) 

Kriehnamarthy and Gin 
(1941c), Seshaglri Rao 
imd Girl (this paper) 
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The inhibitors of the enzymic oxidation of ascorbic ackL~~Stotz et a !, 
(1937) examined the influence of a number of compounds which inhibit the 
catalytic oxidation of ascorbic acid by Cu on the enzyme ascorbic acid 
oxidase. They found that sodium diethyldithiocarbamate, 8-hydroxy- 
quinolin, pyridine, potassium thiocyanate, sodium cyanide, potassium ethyl 
xanthate, potassium ferrocyamde and sodium sulphide which acted as copper 
inhibitors produced nearly complete poisoning of the enzyme as well as 
inorganic copper and copper-protein mixture. On the basis of these results 
the authors suggest that ascorbic acid oxidase is a copper-protein compound 
and that the activity of ascorbic acid oxidase is related to the presence of 
copper in combination with proteins On the other hand, Barron et ah 
(193 6 b) found that glutathione, proteins and anunoacids protected ascorbic 
acid from oxidation through the agency of catalytic metals such as Cu, but 
not from oxidation by enzymes such as the ascorbic acid oxidase of squash. 
Later Knshnamurthy and Giri (1941 a) found that pyrophosphate which 
inhibits the Cu oxidation of ascorbic acid does not exert any significant 
influence on the enzymic oxidation of the vitamin. Mystkowski (1942) has 
shown that the oxidation of ascorbic acid by Cu is inhibited by NaCI, while 
the activity of ascorbic acid oxidase from cucumber is not influenced by it. 
The results reported in the present investigation also show that except 
8-hydroxyquinohn and sodium diethyldithiocarbamate all the compounds 
investigated, namely adenine, uric acid, guanme, xanthine, theophylline, 
creatinine and oxalic acid do not exert any inhibition on the enzymic oxida¬ 
tion of ascorbic acid, while the Cu oxidation of the vitamin is considerably 
inhibited in their presence It is clear therefore that all Hibstances which 
inhibit the Cu oxidation of the vitamin need not necessarily inhibit the enzymic 
oxidation Our present knowledge of the chemical nature of the enzyme 
ascorbic acid oxidase is too limited to allow a fundamental approach to the 
interpretation of the nature of the difference observed on the effect of the 
inhibitors on the enzymic and Cu oxidation of the vitamin, but nevertheless 
it offers interesting field for further exploration. 

Summary 

1 The influence of xanthine, adenine, uric acid, theophylline, guanme, 
creatinine, oxalic acid, sodium diethyldithiocarbamate and 8-Hydroxy* 
quinohn on the oxidation of vitamm C by Cu and ascorbic acid oxidase hag 
been studied. 

2. Sodium diethyldithiocarbamate and 8-hydroxyquinohn inhibit both 
the enzymic and Cu oxidation of vitamin G The other compounds investi¬ 
gated inhibit only the Cu oxidation without exerting any influence on the 
enzymic oxidation of the vitamin. 
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3. The bearing of these results on the nature of ascorbic acid oxidase 
and thetr application to the study of the nature of catalytic systems in plants 
which oxidise the vitamin have been discussed Various types of inhibitors 
of vitamin C oxidation have been listed and properly classified. 
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